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RECONNAISSANCE OF THE GOLD FIELDS OF SOUTnERN ALASKA, 
WITH SOME NOTES ON GENERAL UEOLOUY. 



By George F, Becker. 



rNTBODUCTORY. 

Early in 18!)5 Congress appropriated *5,000 for the inveatiBation of 
the gold and coal resources of Alaska, to be expended under the 
direction of the ITnited States Geological Survey. The Director com- 
mitted the work to my charge. At my desire he requested Mr. 
William U. Dall to accompauy me and make an examination of the 
coal deposits, with which his former well-known explorations had 
in large measure familiarized him. Mr. Chester W. Puringtou also 
accompanied me as personal assistant. 

By the courtesy of the Navy Department, the V. S. ship Pi'nta was 
placed at our disposal for examinations in the Alexander Archipelago. 
Thanks to the kindness of Lieut. Commander A. R. Couden, com- 
manding, and bis officers, we enjoyed every facility for visiting points 
accessible by water in southeastern Alaska. All efforts to procure 
suitable transportatitni to the westward of Baranof Island failed. 
We reached St. Paul, Kadiak, by the mail steamer, and there secured 
a small tugboat of 2i tons, gross, iu which, with great discomfort and 
some risk, a cruise of over 1,30<J miles was accomplished. Eadiak waa 
circumnavigated, Chirikof was visited. Cook Inlet, Tumagain Arm, 
and Eachemak Bay were explored with such thoroughness as time 
permitted, and landings made at various points on the Alaska Penin- 
sula from Cape Douglas to Unga Island. From Unga to Unalaska the 
mail steamer was again resorted to. At Dutch Harbor a steamer was 
chartered for a brief visit to Bogoalof and Grewingk, and the Bertha, 
with a cargo of seal skins, transported us from Dutch Harbor to San 
Francisco. 

Mr. Dall's report on Coal and Lignite of Alaska has already 
appeared in the Seventeenth Annual Reijort., Part I. The report on 
gold, delayed by unforeseen events, is here presented. Besides notes 
on gold, it has been considered best to include such observations on 
other matters of geological interest as were made on the trip. Mr. 
Puringtou has assisted most efficiently in the elaboration of the 
material. 



8 GOLD FIELDS OF SOUTHERN ALASKA. 

GEOGBAFHICAIi XOTES. 

The well-known gold deposits of Alaska are divisible into two 
greater groups. Of these one lies upon the Ynkon River close to the 
British frontier and some 300 miles from the coast. The other 
stretches along the coast from Snmdnm Bay westward as far as 
Unalaska. Gtold has also been detected on the Eowak and the Eus- 
kokwim rivers. The examinations recorded in this report were con- 
fined to the coastal mines. Pi. I exhibits the general distribution of 
the deposits, and more detailed maps are given in connection with 
the detailed descriptions. 

The direct distance from Sumdum Bay to Unalaska is some 1,250 
statute miles, and the coast line is of course much longer.^ It is 
therefore desirable to group the coastal auriferous localities more 
minutely. The most easterly mines are all either on islands of 
the Alexander Archipelago or on the adjoining mainland. The 
largest town of the Territory, Juneau (originally called Harrisburg), 
is on the mainland. Just opposite the town, on Douglas Island, is 
the Alaska-Treadwell mine and its extension, the Mexican. On the 
mainland within a few miles of Juneau are the Silver Bow Basin and 
the Sheep Creek districts. Sumdum is on the mainland some 55 
miles to the southeastward of Juneau; and Seward City, near Bemers 
Bay, is about 50 miles to the northwestward. There are also gold- 
quartz veins on the northern end of Admiralty Island, 30 miles west 
of Juneau. 

The last district of importance in the Alexander Archipelago is near 
Sitka, on Baranof Island. Sitka is about 100 miles west of south from 
Juneau. Another group of deposits lies in the region of the Kenai 
Peninsula, which forms the southeasterly shore of Cook Inlet. The 
only dex)osits actually exploited on the mainland in this region are the 
stream gravels on Tumagain Arm. At Yakutat Bay there are aurif- 
erous beaches, as there are also on Eadiak Island. On this island, 
too, there is a group of gold-quartz veins, which are being explored 
and tested. 

The Apollo Consolidated mine is on XJnga Island, one of the Shuma- 
gin group, some 450 miles westward from the Kenai Peninsula. The 
auriferous area of Unga seems to extend across a narrow strait to 
Popof Island. Traces of gold are said to have been found on the 
Alaska Peninsula, and there is certainly a trace of gold on Unalaska, 
although as yet no valuable deposit has been found there. 

The physical conditions of the Alaskan coast can not be said to be 
unfavorable to mining. In spite of the high latitude, the ^dnter is 
not severe. The summer is never hot. The precipitation, however, 



1 The coast line of Alaska, includingr islands, is said to be 26,364 miles, while the Atlantic coast 
<^ the United States, including Islands, is only 2,013 miles. Eleventh Census, Alaska vol., on 
authority of Coast Survey. 



«.) 



CLIHATB. 



is great. In the region eastward of the center of Kadiak, timber is 
extremely abundant, bo mnch bo as to make prospecting laborious 
where it ia not fairly impracticable. West of the line indicated there 
is no timber. The sea, of course, affords ready means of transporta- 
tion for the entire coast, but navigation is often somewhat perilous. 

The meteorological data available, excepting for the port of Sitka, 
do not accord very well. The averages arc probably derived from a 
number of years too small to eliminate annual variations. 

The following little table shows the average temiwralures and pre- 
cipitation, as given to me by the Weather Bureau: 

Average tvnperaturex and precipitation in AUmka. 



StuH™. 


peratore. 


Uean Jalr tem- 
peratnre. 


AiiDiulniDf&ll. 


■*r- 


Number 


""r- 


Noml»r 
yeuiL 


InuhH. 


Number 


Jtmeau 


3H.9 
34.2 
2«.0 
33.fi 


4 

6 
11 
S 


S7.8 
54.4 
45 
40.6 


3 

7 
9 


S4 

111.7 
30.1 

.10.2 


2 
7 
6 
5 


St. Piml. Kadiak 










The observations of Mr, Frederick Sanjent at St, Paul, Kadiak, 
which are recorded in the report of the Eleventh Census, give the 
following figures: 

Mean January temperature for nine years, 31,3' F. ; mean July 
temperature for ten years, 53.4° F. ; mean annual rainfall for seven 
years, 67.1 inches. 

The discrepancy between the Weather Bureau figures and those 
obtained by Mr. Sargent is probably due to the different years 
included. Mr. Sargent's lowest temiwratnre is— 2° in 1882. 

In the Alaska census volume Mr. S. Applegat« states the rainfall 
at Unalaska for the years 1882, 1883, 18Si, 1887, and 1888. The 
average is 118 inches, or considerably more than the Sitka precipita- 
tiou instead of less than half as much. 

The four stations lie at no great distance from the same isotherm, 
as appears from the data given or from an inspection of Mr, A. 
Buchan's isothermal chart. Of course the mildness of the winter is 
due to the effects of the Japan Cnrrent, 

HISTORICAIi NOTES ON AXASKA.N GOIJ>. 

If the early Spanish, Russian, and English explorers of the Alaskan 
coast detected gold in that Territory, they seem to have omitted all 
mention of the fact, and as such a discovery would have added to the 
importance of their explorations it may be assumed that they failed to 



10 GOLD FIELDS OP SOUTHERN ALASKA. 

detect the precious metal.* In 1849 Mr. A. Erman published in a 
Russian journal a map of the world, showing the distribution of gold, 
which fails to indicate any auriferous locality in Alaska.^ The Rus- 
sians looked upon their American possessions as a hunting ground for 
fur, and had committed its charge to the Russian American Trading 
Company. In 1848, however, the Grovemment commissioned Mr. P. P. 
Doroshin^ to explore for mineral resources about Sitka, the island of 
Kadiak, and the Kenai Peninsula. He discovered the coal of Cook 
Inlet and detected gold at several points. In 1851 he again visited 
the country, but on neither occasion did he find any gold-bearing 
veins or meet with gravels carrying more than a sixth of a penny- 
weight per ton. He was afterwards bitterly reproached for not hav- 
ing found more gold, but his failure is not a matter for surprise. He 
obtained no aid from the natives, who, he declares, had no word for 
gold, and he was not fortunate in the areas selected for examination. 
The Eaknu River, which empties into Cook Inlet at Fort Kenai.* and 
Yakutat Bay were among Doroshin's localities. 

In 1863 there was considerable excitement about the gold washings 
on the Stikine River (the Cassiar district), which, however, were 
entirely in British territory. GU)ld was reported on the Taku River, 
not far from Juneau, as early as 1867.* In 1873 a gold-quartz vein 
was found on Silver Bay, 10 miles from Sitka. • Fruitless prospecting 
had been done some years earlier in the same region.'' The placers of 
Silver Bow Basin were discovered in 1880 and those of Douglas Island 
in 1881. In working these last a large body of low-grade quartz was 
laid bare, which was soon acquired by Mr. John Treadwell. The 
famous Alaska-Treadwell mine is opened on this body of quartz. 
Sheep Creek came into notice in 1888, and rich ore was discovered in 
Sumdum Bay in 1889. In this same year only assessment work was 
being done at Bemers Bay.^ 

On Kadiak Island production can hardly be said to have begun at 
the time of the examination described in this paper, but the late Prof. 
J. S. Newberry long since reported gold in specimens from Kadiak.^ 

On Turnagain Arm, at the head of Cook Inlet, there are auriferous 
stream gravels. At Bear Creek active operations were begun in 1894. 
In August, 1895, further discoveries were made near the head of the 
arm. 

> Accordingr to C. P. C. Fleturleu (1797), Jnan de Puca reported gold, silver, and pearls on Puget 
Sonnd, but little credit seems to have been given to the statement. Possibly the natives may- 
have had trinkets obtained by barter. 

' Archiv ftlr wissenschaftllche Knnde in Bnssland, vol. 7, 1849. 

* Idem, vol. 25, 1866-67, p. 225. Doroehln published several other papers. 

* C. Grewingk, Beitrftge zur Kentniss der Nordwestliche Etlste Amerikas, 1850. 

* U. S. Coast Survey Bept., 1867, p. 290. 

* Mr. Henry Boursin, Eleventh Census U. S., Alaska vol., p. 229. 

^ Russian America, House Ex. Doc. 177, Fortieth Congress, second session, 1867, p. 253. 
*Mr. J. H. Burfeind, Eleventh Census U. 8., vol. Mineral Resources, 1892, p. 101. 

* An unpublished report to the Secretary of the Smithsonian Institution; cited in Coast Pilot 
of Alaska, 1869, App. 1, by W. H. Dall. 
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The beach sands at Yakntat Bay, on the west, poaat of Kadiak, and 
in other localities contain gold, and small parties of miners sometimes 
enuage in its extraction without anj' brilliant suecess. To the west 
of Kadiak the Ajmllo Consolidated mine is the only one which has 
yielded any lai^e quantity of go\6. It was o{)ene<l about the year 188C. 
Pi-ospecting has Ijecn done at Unalaska and to some extent on tlie 
Alaska Peninsula with insufficient success.' 

On the Yukon yold was first discovered by members of the Western 
Union Telegraph Expedition. The first mention of this gold field is 
by Mr, F. Whymper, in 18(tl).' It was also referred to by Mr. William 
H. Dall in 1S70.' The first mining excitement on the Yukon was in 
1886. 

STATISTICS OF GOLD PRODUCTION. 



The figures for the gold product of Alaska are necessarily mere 
approximations in most cases, since no efScient mean.« exist for obtain- 
ing accurate returns excepting in the case of a few companies. In the 
following table the product of the Alaska-Ti-eadwell from ISSitolSSi), 
inclusive, is taken from the report of the company for 1894. After 
1890, the published reiwrta show the pi-oduets for the year ending 
June 1. The figures for the Apollo Consolidated for 1891 to 1894 are 
taken from a table kindly communicated to me by the company, and 
represent the net proceeds or retnrned value of concentrates and 
bullion shipped in these years. All the other figures are taken from 
the reports of the Director of the Mint. Tlie details of production are 
on the authority of Mr. C. O. Yale. The last column shows the esti- 
mates of the Director of the Mint, based only in part on the direct 
returns of his agents, for the entire territory. 

The silver product of Alaska is not included in the table. Prior to 
1894 the Director of the Mint did not estimate as much as til, 000 coin- 
ing value in any year. His estimates for 1894, 1895, and 1896 are, 
resi>ectively, «28,782, #86,880, and #187,867. The Apollo Consolidated 
produced #39,620 in silver, coining value, in 189f>, mainly from the 
sulphurets, which contain much galena. The remainder for the same 
year seems to have come fioni the mines of the Alexander Archipelago, 
the estimate being founded on returns from the smelting works of the 
Pftcifie Coast. 



I Hr. Henry Bonrain, Ele' 
■Travels tn Alifkiuuul ta 
' Alaska an<l lt« rcsonrces 
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Statistics of gold production in Alaska, 

[Stated in dollara] 



Year. 


Alaska- 

Tread- 

well 

mine. 

• 


Mexican 
mine. 


Other 
quartz 

niinesof 
south 

eastern 


Stream 
placer 
mines of 
south- 
eastern 
Alaska. 


Apollo 
Consoli- 
dated 
mine. 


Beach 

plac-. 

ers. 


Cook 

Inlet 

placers. 


Yukon 
placers. 


All Alaska: 

estimate oi 

the Director 

of the Mint. 


1880... 








6,000 

13, 374 

20,000 

140,000 

50,000 










6,000 

13, 374 

150,000 

300,000 

200,000 

300,000 

446,000 

675,000 

850,000 

900,000 

762, 500 

1,020,045 

1,080,446 

1,000,000 

1,113.550 


1881.... 
















1882.... 

1883.... 

1884.-.. 

1885.... 

1886... 

1887.... 

1888.... 

1889.... 

1890.... 

1891.-.. 

1892... 

1893.... 

1894-.,. 

1895.... 

1896.... 




f 












I 10,903 


1 


2,000 
100,000 










242,819 
366. 180 
476,934 
429,889 
652, 491 
613, 191 
765, 673 
676, 226 
779, 782 
555, 307 
818, 690 
693, 576 


1 




























































204,042 
226,258 
245,861 


250,000 
68,238 
21,843 

110,820 

7,400 

19,400 

277,676 

482,382 


25,000 

25,000 

120,000 

180,900 

2,265 
40,000 
















50,000 
100,000 
110,000 
200,000 
409,000 


780 

30, 216 

47,847 

35,297 

225,395 

400, 313 






2,500 
6,000 




17,854 
39,000 


50,000 
120,000 


709,000 
800,000 


1,615,300 
2, 055, 710 



VOIXDANIC ACTrVITY AXI> CHANGES OF liEVEI.. 

It is very certain that volcanic activity has existed at numerous 
points along the northwestern coast of America from the Golden Gate 
northward in comparatively recent times. Less certainty exists in 
this# newly settled region as to historical outbursts. It has been 
reported on seemingly credible authority that Mount Baker was in 
eruption in 1843, and the statement has been accepted by Grewingk,^ 
Davidson,^ Whitney,^ Dana,* and Diller.* The evidence of a simul- 
taneous outbreak at Mount St. Helens is of the same order of credi- 
bility, and it is certain that several of the volcanic cones from Mount 
Shasta northward still emit small quantities of vapor. 

In eastern Alaska, Mount Calder, at the north end of Prince of 
Wales Island, Mount Edgecumb, close to Sitka, and Mount St. Elias 
have been reported in action. The only authority for the Cakler 
eruption, supposed to have occurred in 1775, is F. A. Maurelle, and 



» Verh. Ru8. min. Gesell. 1848-49. p. 269. 

> Russ. Amer. . House Ex. Doc. No. 177, Fortieth Congress, second session, 18C7, p. 289. 

» Enc. Brit., 9th ed., vol. 2:J, 1888. p. 800. 

« Manual of Geol., 4th od.. 189r>, p. 296. 

• Nat. Qeog. Mag. , vol. 5. 18«^, p. 93. 
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Grewingk ' rejects the report on the ground that if it had been connect 
it would have been eonfirraed by other nearly contemporaneous wit- 
nesses. The alleged eruption of Mount Edgecuinb in 1796 also rests 
mainly upon the authority of a single witness, E. H. Hoffmann.* Sir 
George Simpson, however, asserts that in 1841-42 there were inhab- 
itants of Sitha who had seen Edgeeumb active." On the other hand, 
had there been an eruption in so conspicuous a position il could 
hardly have escaped the attention of the Russians.* Mount Edge- 
eumb is manifestly a volcanic cone, and smoke from a fire, or even a 
persistent fog streamer, may have been interpreted by Hoffmann as 
volcanic smoke. 

Mount St, Elias was reported as active in 1839, and again in 1847, 
and many references to this mountain as a volcano are to be fonnd in 
literature. Its eruptions were not detected by the sharp and well- 
trained eyes of the natives,' and it is now well known that the moun- 
tain is neither a volcano nor even of volcanic origin,' a conclusion to 
which Grewingk came from mere study of the descriptions. 

The belt of the present volcanic activity in Alaska begins on the 
Copper River near Mount Wrangell, and extends along the peninsula 
of Alaska and the jileutian Islands to beyond Amcbitka Island. Its 
length is nearly 1,700 miles, which is about the distance from Cape 
Sable, Florida, to Halifax, Nova Scotia, or from Gibraltiij' to the Shet- 
land Islands. The ejecta are mainly andesitic. Erupiiort^ have been 
observed at scores of points, and the intervals are dotted with cones, 
showing the continuity of the zone of vulcanicity. Mount Wrangell 
lies at a distance of about 134 miles from the head of Prince William 
Sound, and, according to Lieut. H. T. Allen,' it reaches the great 
height of 17,500 feet. It was steaming at the date of his visit. It is 
the loftiest of a group of high mountains, one of which, named Mount 
Blackburn by Mr. Allen, is only 30 miles from the junction of the 
Copper River and the Tschichitn», Chechitna, or Chittyna River. I 
suppose this latter mountain to be that called by earlier writers the 
Chechitno volcano. 

In the following table such records as I have of eruptions on the 
volcanic belt are arranged according to longitude. The earlier obser- 
vations were compiled by Grewingk * and translated by Mr. William- 
H. Dall, who added data up to 1867, A few more observations, com- 
piled from various sources, are here included, but the list is at best 
a very partial one. The region is without newspapers, and the seamen 
or hunters who witness the outbursts are accustomed to the sight. 



'VBrli.Bue.iiiin.OB»all. IMS^.p.ara. 

■Qcoti.Beob..geiiiimiieItaafoInerReisouiii die Welt. 1839: quoted bf Orewlngk. 
> Jonrnei roiuid tlio World Id IMl-C ToL 2, ISK. p. ITS. 

• Grewingk, op. cit, p. STS. 

•P. P. Domhlii. Ermnii'B Aroblv. fOr wlm. Kuude In Roulaiid. vol. T, IMD, p. £30. 
•I. C. Btuoell, Nkt. Qeofc. Hew., val. 3, UBt, p. IST. 

* Eiped. to Copper Eivar, Sept. Secy, of War, 1887. p. SB. 

■ Lod. cit., p. STt. A lev ot Grewlngk's datii must bsTo 1««d obtaJuud tTom the o 
the Boulaiis do not appsar to bave stghted the AlBskao caaat till I'll. 
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Volcanic eruptions in Alaska, 



Locality. 


Approximate 
longitude. 


Year. 


Phenomena. 


1 

m 

Calder, Mount 


o 
133i 


1775 


Reported active. 


Edgecumb, Mount 


135i 


1796 


Said to smoke. 


Chechitno, Mount 


144i 


1760 


Smoked. 






1784 


Erupted. 


Chugach, Gulf. (Prince 


146 to 149 


1790 


Eruption near. 


William Sound.) 








Wrangell, Mount 


145 


1819 


, Emitted fire. 






1884 


Eruption. 


Redoubt, Mount 


152i 


1819 


Smoked. 


niamna, Mount 


2 

153 


1741 


Grew quiet. 
Resumed action. 


# 




1778 






1779 


Active. 






1876 


Eruption. 


St. Augustin, Mount 


153i 


1883 


Violent eruption. 






1885 


Steaming, shore to 
summit. 


•* 




1895 


Crater steaming. 


Veniaminof. Mount (Black 


159 


1880-1840 


Smoked. 


Peak). 




1892 


Violent ash outbreak. 


Pavlof , Mount . , 


162 


1762-1786 


Active. 






1790 


Do. 






1838 


Smoked. 






1880 


Red glare. 






1892 


Smoke. 


Medviednikof , Mount 


162 


1708 


Active. 


Walrus Peak 


163 


1768 


Do. 


Amak Island 


163 


1700-1710 
1796 


Do. 
Unquiet. 


^^ *■» vk^fr^B^^p^^B ^^v ^^^ ^^^t^r ^B^B ^-^^ ^ ^ ^ ^ ^ m 4k ^ ■ ^ ^ • 1* ^ » 


Termination Alaska Penin- 
sula, 163**^. 














Unimak Island 


164 


1690 


Crater formed on 
Mount Khaginak. 








1775-1778 


One volcano active, 
(probably Shishal- 
din). 


Shishaldin, Mount 


164 


1778 
171K)-1825 


Smoked. 
Active. 






1 


1824 


Flames. 






1827-1829 : 

1 


Fire. 






1830-1H31 ' 


Very active. 



-1^ 
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Locality. 



Shlshaldin, Monnt 



Isanotski, Monnt (a little 
east of Pogriimnoi) . 



Approximate 
lon^tude. 



Pogmmnoi, Motmt 

Aknn Island 

Akntan Island a _ . . 



Maknshin, Monnt, Unalaska 
Island. 



Unalaska Island. 



Bogoslof Island. 



Grewingk, or New Bogoslof. 



164 



164^ 



164i 



165i 
166 



167 



167 
168 



168 



-1 



Year. 



Phenomena. 



1838 


Fire. 


1865 


Smoked. 


1871-1874 


Steamed. 


1880-1881 


Smoked. 


1883 


Steam and ashes. 


1895 


Steamed. 


1795 


Exploded. 


1825 


New crater, ashes. 


1830 


Flames. 


1795 


Active. 


1827-1829 


Fire. 


1830 


Ashes. 


1828 


Smoked. 


1790 


Do. 


1828 


Do. 


1838 


Do. 


1883 


Steam and ash. 


1887 


Lava eruption. 


1768 


Active. 


1790-1792 


Do. 


1802 


Vigorous. 


1826-18138 


Smoked. 


1844 


Do. 


1865 


Active. 


1871-1874 


Steam. 


1880 


Do. 


1888 


Ashes. 


1891 


Steam. 


1895 


Do. 


1768 


A second volcano ac- 




tive. 


1796 


Rose. 


1808 


Emitted lava. 


1814 


Threw out stones. 


1820 


Smoked. 


1883 


Rose; ashes and lava: 




has steamed ever 




since. 



a Mr. Dall regrards this volcano as usually active and as emitting more lava than any other in 
the chain. 
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Volcanie eruptions in AJUuha — Contiiiaed. 



LocaUty. 


Approximate 
longitude. 


Tear. 


Phenomena. 


Qrewingk, or New Bogoslof . 


o 
168 


1890 


Emitted ashes. 


Vsevidof, Mount 


168i 


1784 
1790 


Smoked. 
Active. 


w ^^r ^^ » ^» ^^^ ^1^ ^^ ^ ^a^^^^^ ^^^ ^^^B^^^^ ^v ^ ^p ^r ^ ^v ^« ^ a^ ^v ^v ^ 






1817 


Great eruption north 


• 






I)eak. 






1880 


Eruption southwest 
end. 


Tanak-Angonakh Island 


170 


1774 


Active. 






1828 


Smoked. 


Four Craters Islands 


170 


1796-1800 


Active. 






1838 


Smoked. 






1871 


Steaming. 






1874 


Do. 


Yunaska Island ._.. 


171 


1817 
1824 


Smoked. 
Great eruption. 








1880 


Eruption. 






1873 


Steamed. 


A mnlrfji. iRlf^nrl 


171 


1770 


Became quiet. 






1786-1791 


Active. 


^omATn, Mnntit _ 


172i 


1786-1790 


Do. 






1827 


Smoked. 


« 




1873 


Steamed. 


AtkH TftlftTifl 


174i 


1760 
1828 


Smoked. 
Do. 








1830 


Do. 


Eluchefskoi, Atka Island. . . 


174 


1873 


Steamed. 


Korovin, Mount, Atka Island 


174 


1830 


Smoked. 






1844 


Do. 






1873 


Quiet. 


Sarychef , Mount, Atka Is- 


175 


1812 


Violent eruption. 


land. 








Koniuil Island. 


175 


1760 


Rose. 






1827 


Smoked. 






1828 


Do. 


Great Sitkin Island 


176 


1792 
1829 


Fire. 
Smoked. 




Adakh, Mount 


177 


1760 


Active. 


Kanaga, Mount 


177 


1763 


Solfataras. 






1786 


Flames. 






1790 


Active. 



VOLCANOES, 
Fofconie erupUone in Alaska— CoDtiaaeA. 



Lo«Uty. 


Approilmati> 


Y«. 


„..™». 














1327 


Do. 


Tanaga, Mount 


178 


1763-1770 


Constantly actire. 






1781 


Smoked. 




179 


1760 
1792 


Do. 
Emitted lava. 








1828 


Smoked. 






1973 


Active. 


Semiaopochaui Islands 


im 


1773 


Smoked. 






i:90 


Dc. ■ 






1782 


Do. 






1880 


Do. 






1878 


Active. 


Sitignak Island (near west 


181 


1778 


Do. 


endof Amchitka), 








Uttle SitKn Wand 


181i 


1828 


Smoked, 





No active vulcanioity is recorded west of longitude 180^°, but Bul- 
dir Island, in 184°, in described by Dr. Bawaon ' as a once symmetrical 
volcanic cone mncli eroded by the sea. The Semichi Islauds are low 
and flat. Attu, Bering, and Copper islands are reported to consist 
largely of pre-Tertiary igneous rocks, but Dr. Dawson reports basalt 
also on Bering Island. On the mainland of Kamchatka there are, aa 
is well known, many finely developed volcanic cones forming a chain 
with a northwesterly trend, and several of them have been observed 
in activity. 

Whether there ia an immediate and direct connection between the 
volcanic bolt of Alaska and that of Kamchatka is questionable. The 
distance from Buldir to the Alaskan coast is nearly 000 miles, and 
between them is a deep submarine channel. Even if the basalt which 
Dawson noted on Bering Island is a recent rock, a break of over 400 
miles spanning the channel remains. On the other hand, the eruptive 
character of the more ancient rocks on Attu and the Commander 
islands indicates that vulcanicity once existed in the interval, though 
now totally extinct. A very handsome diorite is also abundant in 
Unalaska, and fragments of diorite have been brought up by the 
eruption of Bogoslof. But ancient eruptives are so widely dissemi- 
nated that it is not justifiable to associate the earlier and later extru- 
Bions without further evidence. That which is available is of a very 
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general character. The connection between the Alaskan volcanic 
belt and that of Washington, Oregon, and California, so recently 
extinct, is also interrupted, and to the southward of this series of 
volcanoes there is another break before the volcanoes of Mexico and 
Central America are reached. In short, the shores of the Pacific seem 
marked at intervals by belts of volcanoes nearly parallel with and at 
no great distance from the edge of the continental plateau. 

The geological structure and the fossil fauna of the Pacific coast 
manifest a marked tendency to parallelism nearly on the present 
lines. The Mesozoic upheavals and eruptions were substantially 
parallel to the present edge of the plateau, and characteristic fossil 
shells stretch along the coast for great distances. The Pacific coast 
of the Americas lies along a line of weakness in the earth's lithoid 
shell, upon which movements seem to recur as often as the tendency 
to isostasy is brought into action by redistribution of matter on the 
earth's surface, or by other causes. Such lines of weakness seem to 
be of great antiquity and, as has been suggested before now, may 
have been outlined early in the Archean. In accordance with Dana's 
theory of the permanence of continental areas, the shore line from 
time to time comes back nearly to the edge of the abysmal submarine 
plain of the North Pacific, now lying nearly 3 miles below the surface 
of the ocean. 

To me it would appear that there is a close relationship, though no 
direct continuous connection, between the modern volcanic belts; and 
that in past geological periods also there have been various stretches 
of the coast similarly affected by vulcanicity, these sometimes overlap- 
ping the present volcanic belts. The Alaskan belt seems to have 
existed since the late Eocene or early Miocene, and may coincide with 
still earlier lines of activity. 

During the Oligocene (Kenai Group) something like one-half of the 
Territory of Alaska was submerged.^ In the late Pliocene a great 
uplift took place in British Columbia,^ and about the same time the 
Mount St. Elias Alps were formed.^ This uplift probably affected 
western Alaska, and united the Asian and American continents. A 
partial subsidence seems to have followed,* succeeded by a gradual 
rise, still in progress, from about longitude 145° W. to Bering Sea. 
The limits of time just indicated correspond to the period during 
which it is known from fossil evidence that volcanic activity has been 
in progress. To me it also seems most natural to conceive of vul- 
canicity as due to the active progress of upheavals and subsidences, 
the fusion of the lava l^eing ascribable to the dissipation of the energy 
of uplift.* The immediate disturbance of equilibrium which gives 



» W. H. DaU, Bull. U. 8. 0<»ol Survey No. 84, 1892, p. 251. 

•G. M. DawHon, TranH. Royal Sec. Canada, vol. 7, sec. 4, p. 54. 

•I. C. Ru«»ell, Nat. Qeog. Maj?., vol. 3, 1891, p. 174. 

* If the rockn at a certain depth are near the point of fusion, but are solid on account of the 
pressure to which they are subject, the principal exi)enditure of heat would be in supplying 
the ** latent heat of fusion.'^ 
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rise to tlie recent uplift is perhaps in part due to the erosion of the 
Yukon and the Kuskowim rivera. 

The effects of uplift are manifest all along this part of the southern 
coast of Alaska, and were familiar to Grewinyk. as well as later 
writers. Raised beaches and almost unscarred baselevels at eleva- 
tions of 100 feet, more or lesft, are very abundant. The Tertiarj- beds 
are usually raised to a height of some hundreds of feet, while the 
western end of Kadiak, Chirikof Island, and other localities seem to 
represent very modern elevations. Orewingk suggests that the penin- 
sula of Alaska may have been a series of islands comparable to the 
Aleutians, and certainly if the coitst were now to sink 200 or ^(K) feet 
the peninsula would be resolved into several insular masses. 

A portion of the uplift seems to be historical. At a slight earth- 
quake in 18tj« rhe elevation is said to have amounted locally at Unga 
to over 20 feet; the Isanot«ki Strait has become impassable; near St. 
Michael, windrows of rotten driftwood lie far above the rejich of storm 
waves, and barnacle shells are found 15 feet above high-water mark.' 
Dr. Dawson records evidences of recent elevation amounting to from 
10 to 30 feet at Unalaska, Attu, Bering Island, St. Paul Inland, and 
St. Matthew Island, while concluding that the Aleutian Islands as a 
rule have been unsnbraerged since the Miocene. 

Possibly the recency of the last uplift may explain the treelessness 
of western Alaska. One of the most striking contnists which the 
country afEords is that between the exceedingly dense forests of the 
east and the absolute treelessness of the west. There is no apparent 
climatic cause for the sudden disappearance of the spruce west of a 
line passing through Kadiak. The temperature scarcely changes on 
B course following the coast along this line. The rainfall maintains 
the same superabundance, the winds are not severe enough to explain 
treelessness excepting in very exposed places, and the soil of wooded 
Edgecnmbe can not be very tlifferent from that of the trealess Alaska 
Peninsula. On the other hand, salt-water straits with heavy tidal 
eurrents might prove very effectual barriers to the advance of the 
forests. If Bristol Bay was connected with Cook Inlet by the way of 
Uiamna and Clark lakes in recent times, and if the western portion 
of Kadiak was then under water it would be quite intelligible that 
the spruce should not have made its way to the westward of the 
meridian of Redoubt, or 153°. 

Bering Sea is, on the whole, a very shallow one. About one-half 
of its area is within the 100-fathom contour, but there is a deeper 
basin to the northward of the western end of the activ* volcanic belt, 
which seems to connect by a deep channel with the adjacent floor of 
the Paeifio Ocean. Bering Sti-ait is so extremely shallow that a 
further rise of the country of less than 2M feet would connect the 
continents of Asia and America. Were such an uplift to occur the 
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land would be contiDaoas from the Cape of Good Hope to the Stndta 
of Magellan, excepting for the Suez Canal, or to the east coast of Lab- 
rador and to Cape Finisterre. The continental area wonld then be 
unbroken except by man over more than 130^ of latitude and 313° of 
longitude. In the more philosophical sense of the word ^'continent,'* 
in which the shoal-water plateau is recc^^nized as continental, Asia 
and America are already united, while Newfoundland and Ireland are 
not insulated. There is no doubt that the two continents were united 
by dry land, perhaps more than once, during the Tertiary. 

So far as the ocean currents and the climatic features dependent 
upon them are concerned, the union of Asia and America would make 
little or no difference. Mr. Dall has shown the commonly received 
opinion that a branch of the Japan Current flows through Bering Strait 
to be erroneous. His own observations and a careful discussion of all 
the known records show that the currents in the strait are chiefly tidal 
and that they are cool. '^ The strait is incapable of carrying a current 
of warm water of sufficient magnitude to have any marked effect on 
the condition of the Polar basin just north of it." ^ When the land 
in this region was at a considerably lower level, so that a free and 
ample communication existed between the Pacific and the Polar 
basin, more warm water must have reached the Arctic, and the cli- 
mate of northern Alaska must have been relatively mild, as was long 
since pointed out. 

FORM OF VOLCANIC CONES. 

The volcanic belt of Alaska shows many symmetrical cones of the 
type of Fujisan. There are at least equally numerous cases in which 
the eruptions have produced masses without marked symmetry. It 
is quite conceivable that when the volcanic conduit is vertical, its 
cross section being nearly round and the ejecta mainly ash, the ejecta 
should be symmetrically disposed about the orifice. When such sym- 
metry of conditions is wanting, it is highly improbable that symmetry 
of form would result. Hence similar lavas, under circumstances 
which differ only accidentally, may produce mountains of very reg- 
ular or of very irregular geometrical character. While the conditions 
broadly considered or on a large scale may nearly approach symme- 
try, it is substantially impossible that circumstances should be sensi- 
bly uniform when the minuter details are considered. Hence regu- 
larity, resulting from general average, can reasonably be looked for in 
the larger features of a volcanic cone. 

When volcanoes are symmetricatl — and such volcanoes are extremely 
numerous — the form is found to correspond, except in scale, to the 
well-known outline of Fujisan, in Japan. The generating curve is a 
continuous one, so far as can be judged by inspection. Mount St. 
Augustine, a view of which is given on PI. X, is of this type. 



» Coast and Geodetic Survey Rept. for 1880, App. 16. 
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Voicanie oindei- cones a few swore feel in height are comparable 
with artificial heaps of loose material sloping at the "angle of rest." 
The problem might be proposed to find, for a mass of loose, dry mate- 
rial, with a oii-cular horizontal cross-section and an indefinite volume, 
the loftiest continuous geometrical form consistent with stability. The 
solution, however, would not answer exactly to a volcanic cone with a 
very small cral«r. Even damp ash behaves differently from dry ma- 
terial, the film of water between adjacent grains producing a powerful 
adhesion through capillary attraction,' and there is no doubt that wet 
volcanic ash hardens, or "sets,"to a relatively firm ctmtinuous mass. 
Volcanic cones are also composed in part of lava streams which have 
solidified from the liquid state. The volcanic cone, therefore, seems 
to me to be substantially a continuous solid of finite height. In such 
a mass the pressure per unit area on any horizontal cross-section may 
be assumed to be uniform over the whole cross-section, while a conicitl 
heap of loose material exerts a pressure on the base which is very far 
from uniform, being greatest at the axis. ^ Butwhilethe mountain as a 
whole is to be regarded as continuous, its external form is determined 
very largely by the fact thai it is built up of layers, each of which con- 
sists mostly of ash at the time of precipitation, though it subsequently 
consolidates to firmer material. 

A mountain thus formed must be subject to many vicissitudes, and 
it is not to be supposed that such a method of genesis can lead to an 
invariable form. Neither does observation show that volcanoes are 
all of one shape, as was stated above. Thus Makushin, PI. I[, and 
Bogoalof, PI. VII, are irregular masses. On the other hand, there 
may be a theoretical form to which volcanoe-i will apiyoach under 
favorable conditions of symmetrj' and when the ejects are mainly 
ash. 

The problem which seems most nearly to correspond to the case of 
the well-formed volcanic peaks seems to \te this: To find the loftiest 
figure of given volume and continuous curvature which can be built 
np of successive showers of ash, each ash layer being supposed to 
become indurated after its deposition. Near the summit the slope 
will be determined by the angle of rest of the cinder, and the radius 
of cui-vature of the generating curve must be infinite at this point. 
In lofty volcanoes the slope can not be uniform throughout, because 
the pressure per unit area on a horizontal cross-section of a rigid 
right cone would be simply proportional to the height of the cone, 
and the pressure would thus ultimately exceed the resistance. At a 
great distance from the summit the load per unit area may approach 



* In aright codh of loose material aloplDg at i^° it In 
enter of the bene would bo proportiimal ta balf thu hei 
■we \roiild be proportional to one-third of the bewbt. 
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the limit of resistance, and in the loftiest possible volcano of given 
volume this limit must be approached. 

Let the summit be taken as origin, and let the distance from the 
summit, measured parallel to the axis of the mass, be x. Then y 
being the radius, ?/' y" its differential coefficients with reference to a?, 
and p the radius of curvature of the outline, it is well known that 

At the summit /o is to be infinite, while y' for y=0 is the cotangent 
of the angle of rest and is finite. Hence y" must be zero, when y=0 
and x=0. Now, assuming the curve to be continuous, it must also be 
possible to express y" in terms of y, or, by Maclaurin's theorem, 

y"=f{y)=^ay+by'+cy'+ ... (1) 

a, 6, and c being constants of the form d^f{0)/ n! dy^. 

When X is great, the load on a horizontal section is to approach the 
limit of resistance, «o that if (X is the specific gravity of the material 
and H the resistance per unit area at the elastic limit 



(T I yhlx=Hy^, 



The corresponding value of y" is, by simple differentiation, 

and this is the form which (1) must assume when x and y are suffi- 
ciently large. But (1) can not possibly assume this form for large 
values of y unless 6, c, etc., are all zero. Hence, if there is any con- 
tinuous curve which will express the conditions postulated, its differ- 
ential equation is of the form (2).^ 
A first integration of (2) gives 






where a is the tangent of the angle of rest. Now, this tangent is by 
definition the ratio of the frictional resistance of a surface to the 
normal pressure of a body resting upon it. This resistance can not 
exceed the pressure which excites it, an(J the ratio can not exceed 

' It iH not worth while to regard <r as variable; for, excet)ting near tho Kuinmit of a volcrauo, the 
cubi<'al coinprossion will be nearly uniform and for siu-h material as ro<*k the variation of density 
1« extremely small within the elastic limit. 
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unity. Hence the maximum possible value of the tangent of the 
angle of rest is unity, ^ or, for the present case, a=l. This gives 



y 

c 



x/c — x/c 
£ — 5 



= smh -, 
c 



(3) 



where for brevity c is written for 2x1 a. 

It is easy to see that this curve answers the conditions postulated. 
The ratio of pressure to resistance for (3) may be written 






ny 



if 



sinh-*^--- 
c c 

cosh-^'^-l 



(4) 



which continually approaches unity for increasing values of x. At 
the summit y and y" vanish, so that the radius of curvature at that 
point is infinite. Both conditions therefore are fulfilled.'^ 




Fio. 1.— Form of volcanic cx)ne8. 




Fio. 2.— Form of volcanic cones. 



X 



The curve sinh-=?/, shown in fig. 1, agrees remarkably well with 
the form of volcanic mountains as displayed in photographs, and the 



* According to Weissbach, the maximum angle of rest for sawdust is H°. 

•The expression for the volume in (4) is found without labor, as follows: To each member of 
the first integral of (S), viz, y'/c^^y'* — 1, add y«/r* -y y'\ which is merely equation (2) multi- 
plied by y. Then 

This is one integral of a differential equation of the second order which includes (2), but is more 
general. It is of the form. 



<« y* 

If a;=2.5 c, the case illustrated in fig. 1, the load on the base is about 19/2U of the resistance. 
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values of x, deduced from eases where the scale is known, are reason- 
able,^ being comparable with those of brickwork and rubble masonry. 

It may reasonably be asked why a volcanic cone might not be com- 
posed of two distinct portions: first, a right cone near the summit, of 
such dimensions as to exert upon its base a pressure per unit area 
equal to the resistance of the material; and, second, a x)edestal of 
logarithmic form and such dimensions that the pressure per unit area 
at any level is the maximum which the material will bear.^ 

The elements of such a figure are easily computed. Suppose a log- 
arithmic column generated by the revolution of 

xlc 

truncated in such a manner that the tapering portion cut off will be of 
volume just sufficient to form a right cone of base Tty^^ having a slope 
of 46°. Then the volume of the cone must be ny^^ c/2, and if h is the 

height of the cone, ^ ^ty^^Tty^ov h=Scf2. The height and radius 

in a cone sloping at 46° are the same, so that 7i=?/o=3 c/2. The 
cotangent of the angle at which the logarithmic column slopes at the 
base of the cone is 

t/'=|=cot 33° 40'. 

Thus this figure would show an abrupt change of slope at the base of 
the cone, the angle suddenly diminishing from 45° to 33° 40'. The 
outline of this mass is shown by the full line in fig. 2 (p. 23). 

If one now supposes a fresh shower of ashes to fall on such a moun- 
tain, none of the new material can lodge upon the 45° slope, which 
offers no adequate frictional resistance. On the other hand, fresh 
ash will lodge upon the shoulder and gradually back up onto the 
higher slojge. Thus the shoulder would be built out iuto a sensibly 
continuous curve. But the additional load, if confined to the neigh- 
borhood of the shoulder, would overweight the lower portion of the 
pedestal, which would then yield and broaden. The mass as a whole 
would not necessarily yield if the fresh ash were distributed over the 
whole surface below the shoulder. Now, such a layer would evi- 
dently build up the mountain to a form closely resembling the dotted 

lines in fig. 2, which are in fact drawn from the equation -^ =sinh- 

c & 

the locus of which is shown in fig. 1. Thus the discontinuous hypoth- 
esis of the volcanic cone leads to results ultimately indistinguishable 
from the continuous hypothesis, but it serves to throw light on the 

> A graphic comparison of the continnous curve with the outlines of Fujisan and several other 
volcanoes will bo found in the Am. Jour Sci.. vol. 30, 1885, p. 380. Prof. John Milne has also made 
such comparisons. Trans. Soism. Soc. Japan, vol 9, part 2, 1886, p. 170. 

*In the lof^arithmfc column the pressure per unit area at any level is constant, or, in other 
words, the area of the cross-section is proportional to the volume of the overlying mass. 
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process of evolution of the mountains. It appears that if a peak like 
Fujisan were carved by erosion or other means into any form not 
inconsistent with stability, fresh eruptions of ash would tend to restore 
its present symmetry. 

In discussing the form of the volcanic cone I have assumed the 
angle of rest as the maximum possible, i. e., 45"^. This angle can 
never be quite reached, and, as a matter of fact, the steepest talus 
slopes dip at about 40^. This is of little consequence 'so far as the 
theory of a continuous cone is concerned, because on the hypothesis 
of continuity the maximum angle would then be found .only at the 
sharp ax)ex of the mountain, while real volcanoes have craters of 
finite size at their summits. In the discontinuous hypothesis there is 
a long straight slope, and this would necessarily fall as low as 40° if 
the material were loose. The right cone would then intersect the 
logarithmic x>edestal at a point where its radius is 1.79c and where 
the dip of the surface is 29° 10'. The average energy potentialized 
in the {continuous mountain for a: = 2.5c, the case shown in fig. 1, 
would be about nine-tenths of that potentialized in the mountain 
composed of cone and x)edestal, the volume being the same in each. 

BOGOSIiOF AND GBEWIKGK. 

The island of Bogoslof appeared above the sea in 1796, and a neigh- 
boring island, sometimes called New Bogoslof, but for which Mr. Dall 
has proposed the name Grewingk, rose in 1883. Each island has 
undergone changes, and the more recent one has been photographed 
at various intervals. The history of these islands is a very interest- 
ing subject, but the data are by no means precise. Estimates of the 
height of an island made from the deck of a vessel are very untrust- 
worthy, and the fact that successive observers give different altitudes 
is not valid evidence that a change in elevation has intervened. 
Even the photographs are unsatisfactory, since the precise position 
of the camera is generally unknown and the different photographs 
are not immediately comparable. Mr. DalP has condensed the 
description of the birth of the earlier island as follows: 

On the first of May [1796] , according to Baranoff , a storm arose near Umnak, 
and continned for seyeral days. It was very dark all this time, and low noises 
resembling thnnder were continnally heard. On the third day the sky became 
clear very early, and a flame was seen arising from the sea between Unalaska and 
Umnak. North of the latter smoke was observed for ten days. At the end of this 
time, from Unalaska a ronnd white mass was seen rising ont of the sea. During 
the night fire arose in the same locality, so that objects 10 miles off were distinctly 
visible. An earthquake shook Unalaska, and was accompanied by fearful noises. 
Rocks were thrown from the new volcano as far as Umnak. With sunrise the 
noises ceased, the fire diminished, and the new island was been in the form of a 
black cone. It was named after St. John the Theologian (Joanna Bogoslova) . A 
month later it was considerably higher, and emitted fiames constantly. It con- 



* Alaska and its Reeonroes, 1870, p. 487. 
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tinned to rise, bnt steam and smoke took the place of fire. Four years after no 
smoke was seen, and in 1804 the island was visited by hunters. They found the 
sea warm around it, and the soil in many places too hot to walk on. It was paid 
to be 2^ miles around and 850 feet high. The soil emitted an odor of bitumen. 
It is 45 versts, or nearly 84 miles, due west from the north point of Unalaska. 
In 1806 lava flowed from the summit into the sea on the north side. Fissures 
appeared, lined with crystals of sulphur. Veniaminoff says that it ceased to 
enlarge in 1823, when it was of a p3rramidal form and about 1,500 feet high. 
There are many strong currents about it, and a reef extends from a rock west of 
it to Umnak. 
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Fio. 3.— Sketch map of Bog^oslof and Grewingk. 



About half a mile north and west from the island was a perpendic- 
ular square- topped pillar, called on modern charts '* Ship Rock," pos- 
sibly, but not certainly, identical with that so named by Cook. 

Mr. Dall gathered such information as was available concerning 
the new island in 1884.* Captain Hague, of the Dora, observed erup- 
tive action in the locality in the summer of 1883, but the maximum 
activity occurred in October of that year. Soon after Captain Hague 
reported the island as three-quarters of a mile in diameter and from 



> Science, Jan. 35. \66i. Prof. Geo. Davidson also described it in the same journal, March 7, 
1884. 
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500 to 800 feet iu lieiglit. Since that time it has undergone varimis 
changes. 

The island was visited by the V. S. revenue cutter Cwwin, Capt. 
M. A. Ilealy couiinanding, in 1884:, and in the report of that cruise 
six photographs are publishml. Comparing these views with those 
tak<^n in ISi^l and lSii5, it appt^ars that Bogoslof, the old island, has 
ulnfc undergone no visible change in outline or in apparent elevutiou 
since the appearance of the new island, but it seemed to Sir. Dall leas 
lofty than in 1880. 

In 1S84, however, Grewingk was considerably higher than it now 
is or than Bogoslof. It was i-ough arnl pinnacled and from one point 
of view dome-shaped. In 1891 it had assumed the Qat-topped form, 
wbidh it still preserved in 1895. In 1884, as shown by the Cwivin 
photographs and as mentioned by Mr. Dall, Ship Rock hiul not disap- 
peared, and a sand spit enveloping Ship Rock extended between the 
two peaks. This beach was reported continuous in ordinary weather, 
though showing evidence of submergence in storms. In 1887 the con- 
ditions seem to have been unchanged, as is shown by a rough sketch 




Fill. 4.— Shotch of BosoBlof and (ireirliiBk In 1H8I, by Ur. Wllliuu C. arwnfletd. 



by Mr. William C. Greenfield, kindly given me by him and repro- 
duced in fig. 4. In 1891 Ship Rock had disappeai-ed. and the photo- 
graphs do not seem to indicate continuous beach between the peaks. 
In 1895 an apparently clean passage nearly three-quarters of a mile 
in width Beparat«d the two islands. The new island then appeared 
to be not more than some 300 feet in height. It still steamed vigor- 
ously, though not violently, and was colonized to some extent by 
solan geese. Solfataric decomposition was progressing, with some 
deposition of sulphur. There was no trace of present or recent vol- 
canic activity on the old island, on which every available nesting 
place was occupied. 

The sketch map of the islands as they existed in 1895 whs prepared 
by Mr. Dall from inspection and some logging, but without survey, 
PI. ni is from a photograph by Chief Engineer A. L. Broadbent, of 
the Corioiii. It is believed to have been taken either iu 1884 or in 
1886, probably the former, and represents the southerly side of Gre- 
wingk. Pis. IV, Y, and YI are from photographs taken by Messrs. 
N, B. Miller and C. H. Townsend, of tjie United States Fish Commis- 
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sion Bteanier Albatross^ in 1891. Pis. VII, VIII, and IX are from 
photographs by Mr. Purington in 1895. 

The islands seem to be composed entirely of homblende-andesite, 
with some included fragments of diorite. Nothing sedimentary was 
detected. The igneous material is ash, agglomerate, and tiiff, no 
solid flows being anywhere observed. The rocks will be described in 
detail in another portion of this report. 

ST. AUGUSTINE VOIX)ANO. 

Mount St. Augustine is a volcanic mountain forming an island in 
Cook Inlet. It is charted as lying in latitude 59° 23' and longitude 
153° 31' W. It was discovered and named by Captain Cook, who 
describes it as of conical figure and of very considerable height. In 
May, 1794, Vancouver^ wrote: 

This island is stated by Mr. Pnget to be about 9 leagues in circuit; toward the sea 
side it is very low, from whence it rises, though regular, with a rather steep ascent, 
and forms a lofty, uniform, conical mountain, presenting nearly the same appear- 
ance from every point of view, and clothed down to the water's edge with snow 
and ice, through which neither tree nor shrub were seen to protrude. 

In 1880, according to Mr. Dall, St. Augustine measured 3,800 feet 
in height by angles from different stations. The peak was not sharp. 
It is possible that the height was increased at the last eruption, but 
the rounding of the summit mentioned by Mr. Dall probably refers 
to the appearance from the south.* 

The only historical eruption of St. Augustine occurred in the 
6utumn of 1883, being contemporaneous with the rise of Grewingk or 
New Bogoslof from Bering Sea. On the morning of October G, the 
atmosphere being very clear, the people at Port Graham heard a loud 
report and saw dense volumes of *' smoke" issue from the top of St. 
Augustine. A column of steam is also said to have arisen from the 
sea near the island, and the water was so agitated as to make landing 
or embarkation there impossible. Twenty-five minutes after the 
explosion a great earthquake wave, 25 or 30 feet high, came in upon 
Port Graham, and it was followed by others. The fall of ash at this 
point, 60 miles from the volcano, amounted to 4 or 5 inches. A new 
island, 1^ miles long and 75 feet high, rose between St. Augustine and 
the mainland, and a little harbor on the west side of the island was 
filled up. It was reported immediately after the eruption that the 
mountain had been split from base to summit in an east- west direc- 
tion. This last sta^tement is certainly an exaggeration. Mr. Ivan 
Petroff made drawings of the mountain from three sides eight months 
after the eruption. They represent it substantially as it existed in 
1895, and show that only a shoulder of the mountain had been blown 



* A Voyage of Discovery to the North Pa<'iflc Ocean, book 5, clmpter 5. 
a Science, vol.3. 1884, February 2b. 
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out, exposing a Becondary cone within the remaining portion of the 
outer crater rim.* The view given on PI. X partially shows this 
break and givea a good general idea of the form of the mountain. 

In 1895 the mountain was still emitting st«am in varying quantities. 
The variation could be observed in watching particular vents, bat 
doubtless the apparent quantity was affected by the relative humidity 
of the atmosphere. Al a distance of a few miles the ftteam was some- 
times scarcely visible, while at one time it ascended to fully twice the 
height of the monntain above the summit. On ascending to the edge 
of the crater it was found that steam escaped from countless crevices, 
must of them on the inner cone. This was blanched and reddened by 
Bolfataric action, and masses were from time to time detached, rolling 
down to the bottom of the deep moat which separates the outer crater 
wall from the inner cone. So continuous was this disintegration as 
to excite wonder that any moat remained. During the two hours 
which I spent in watching on the outer edge of the crater, it was esti- 
mated that not more lliaii thirty consecutive seconds elapsed during 
which masses of rock were not clattering down that portion of the 
inner cone which was in sight from ray station. Though relatively 
small, these pieces of rock were often many tons in weight. The 
inner cone being nearly as high as the outer rim, not more than a 
third of its surface was visible, 

The outer crater rim was estimated at about 1,200 feet in diameter, 
but was perhaps wider than this. The inner wall of the outer rim 
was nearly vei-tical, and showed well-developed columnar structure. 
The moat was 000 or 800 feet deep. The northwestern side of the 
outer crater was broken through, and a solidified lava stream extended 
from it nearly to the water's edge. Evidently the ash must greatly 
have exceeded the liquid ejecta in quantity at the eruption of 1883.* 
The new island has entii'cly disappeared. It may have been a mass 
of floating or lightly gronnded pumice. 

The monntain is very largely composed of ash, but solid lava is by 
no means lacking. The prevalent type is apparently an asperite, or 
andesite of trachytic texture, and clearly in the main a pyroxenic 
rock. Portions of the rock are black and glassy, and on many masses 
shrinkage cracks are very apparent. 

The form of the mountain, as seen from the south at a distance of 
a few miles, is very symmetrical, and corresponds closely to the locus 
assigned to such mountains in another part of this report. Prom this 
point of view the actual summit appears rounded, a fact due to an 
accidental irregularity iy the lip of the outer crater wall. When 

' Pmr. OeorRe DaTidson •.-oUected the aixoaau of this oruplion IScienoa. vnL 3, February iH. 
IBW). HoiUaoshowodmaPBlroffadrftwingB, 

'It Ib possible tbat Mr. PuriDgtoa and 1 irere the Oret hummu belugB to ascetid thla peak. 
The DktlTes nvuld such plaon with HUperutttluua dr«u1,aad furhUDtoraare genvratly tocihu-i)-, 
Itwold Dot leant thai the oBcent had ovor bueu made. It had oucu b««a nllempted without 
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aiicending the mountain the local topography is found to be very 
irregnlar, and it strikes the climber with astonishment that the dis- 
tant view can bring general order oat of saeh chaotic details. When 
seen at a distance from other points of view, St. Angostine is less reg- 
ular. There is a bit of a shoulder on the southern side, and the 
broken crater mars the symmetry- from the north, but from all points 
the tendency towarrl a symmetrical form is apparent. 

PI/AGIOCLASK DETERMTXATIOXS. 

In examining the rocks described in this report pains was taken to 
determine the species of the lime-soda feldspars by modem methods. 
The difference of refraction between a mineral and the balsam or 
between two minerals in contact, according to the method of Prof. F. 
Becke, is often useful, and I^rof. J. E. Wolff was good enough to 
determine for me the index of refraction (1.5303) of the Canada bal- 
sam used in the final mounting of the slides of this Survey. Much 
more useful still is the method which Prof. A. Michel-Levy has devel- 
oped in two memoirs which should be in the hands of all petrog- 
raphers.' It was intended also that the Fedoroff table should be used 
in connection with the examinations, but unforseen delays in procur- 
ing this bit of apparatus prevented its application on an extended 
scale. The method of Professor Michel-1-.evy does not necessitate the 
use of the Fedoroff table, at least in rocks which show an abundance 
of well-developed feldspars. 

In such rocks it is usually sufficient to deal with the feldspars, 
which are cut nearly perpendicular to the brachypinacoid (010) or g * 
or X Pob . When a crystal is cut in this zone, of course the albite twin 
lamellff* extinguish at equal angles on opposite sides of the cross-hair 
of the microscope. When a crystal is twinned both according to the 
albite law and the Carlsbad law, this fact can be detected by placing 
the trace of the twinning plane at an angle of 45^ to the principal 
sections of the nicols. The associated albite twins are then equally 
illuminated and cease to be apparent. On the other hand, the Carls- 
bad twins are not then equally illuminated, so that a crystal twinned 
according to both laws seems to resolve itself into a mere Carlsbad 
twin. The Carlsbad junction commonly shows signs of interpene- 
tration, and is broken or irregular, while the albite junctions are 
straight. Supposing such a section in the zone under discussion, one 
has in g<}neral two sets of albite lamella, each extinguishing at an 
equal angle to the cross-hairs, but each pair at a different angle; and 
furthermore, the orientations of the two pairs of albite lamellae bear 
a definite? relation to each other, because the. difference of orientation 
is due to Carlsl)ad twinning. If angles in the zone are counted from 
the front edge of th<* prism, and if one pair of albite lamellae is cut by 
a plane making an angle <^ with the front edge, then the other pair of 

< ^tud*) Hur la d^tennination dus feldsiwthH, IHIM. Same, second fascicle, 1896. 
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lamellse is cut at an angle of 180°-9? to the same edge. Professor 
Michel-Levy's beautiful stereographic projections (first fascicle) show 
how the extinctions in such cases will arrange themselves. He has 
also plotted the extinctions for this particular zone, and shows that 
when a compound albite-Carlsbad twin is cut in this zone it can in 
almost all cases at once be referred to its proper species and its proper 
orientation. 

By some mischance errors have crept into this diagram of the 
extinctions of the feldspars in the zone of symmetry, and I have taken 
the liberty of replotting it on PL XI (p. 36) from the stereographic 
projections. I have also added plots of the extinctions at 10** from 
the zone of symmetry in either direction. In a thin section of a rock 
the chances are infinitely against any feldspar being cut with mathe- 
matical precision in the zone of symmetry. Hence the question at 
once arises how the extinctions will vary in case the plane of symmetry 
is slightly inclined. These supplementary diagrams give this infor- 
mation at a glance and assure the observer whether or no the varia- 
tion of the orientation from the x>osition of exact symmetry precludes 
precise determination. 

In a very great number of cases feldspars exhibit traces of zonal 
structure due to gradual variation in the composition of the succesr 
sively deposited layers of the crystal. Professor Michel-Levy has 
shown in his second fascicle that if one regards the several plagioclases 
as mere mixtures of albite and anorthite, instead of as independent 
species, the x>osition of equal zonal illumination is absolutely char- 
acteristic of the orientation of a feldspar in the zone of symmetry. 
There is only one angle in each quadrant at which equal zonal illumi- 
nation occurs. This method can be used, for example, in determining 
when a crystal is cut so nearly perpendicular to the prismatic axis 
that the extinction of Carlsbad lamellae should be taken upon opposite 
sides of the cross-hair. In that case the angle of equal zonal illumi- 
nation can not exceed 11°. The angle of equal illumination as a 
rule is less sharply determinable than, for example, that of equal 
illumination of albite lamella. 

In his second fascicle Michel-L6vy regards all the plagioclases 
as mere mixtures of albite and anorthite, and defines the special 
occurrences in x)6rcentages. There is, of course, a very great amount 
of evidence for this position, and, so far as the needs of the working 
lithologist are concerned, it is probably without sensible error. At 
the same time it may be remarked that were there no dissipation of 
energy accompanying the union of the albite and anorthite they would 
not tend to unite. The liberation of energy corresx>onding to their 
actual tendency to union must, one would think, be accompanied by 
some modification in physical qualities; but this change, so far as 
known, is negligibly small. 

Michel-L4vy's new attitude toward the feldspars involves some 
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slight changes in the diagrams. He has given a new diagram for the 
extinctions in the zone of symmetry, showing the zero angle for the 
same orientation in all varieties. He does not give a new set of 
stereographic projections for the several species, and the means are 
therefore not at hand for plotting the extinctions at 10° from the zone 
of symmetry. For this reason I have not redrawn the diagram given 
above of the extinctions. The changes which would be involved 
appear inconsiderable, and I have found the diagrams for what may 
be called latitude ±10® too useful to be willing to abandon them. It 
should be noted that Michel-L6vy's new fascicle gives stereographic 
diagrams for microcline.* 

While the zone of symmetry is the most useful one, and is usually 
sufficient where material is abundant, cases also arise in which other 
parts of the stereographic projections are indispensable. When need- 
ful, a skillful use of the stereographic projections will suffice to deter- 
mine almost any doubly twinned phenocrysts, however cut, and 
sometimes mere albite twins. With the aid of the F6doroff or Klein 
stages any phenocrystic albite twin can be determined, but the use of 
such a table involves the application of low powers only. 

While Michel-Levy's method of Carlsbad twins, referred to above, 
is usually sufficient to determine the species of the feldspars of 
primary generation in porphyritic rocks, it is not easily applicable 
to the microlitic feldspars of secondary consolidation. Such micro- 
lites are twinned, according to both the albite and Carlsbad laws, less 
frequently than are the phenocrysts; they are also often entirely 
embedded in groundmass which obscures the extinctions, and rela- 
tively high powers must be employed in examining them. Neverthe- 
less, with patience and good eyesight, determinations can often be 
made. Such determinations have been used as a check upon another 
method which presents no difficulties, and which will now be described. 

In studying the groundmass of lavas from Alaska and California, 
I have observed many minut>e, nearly square, sections of plagioclase 
microlites.' These sometimes show albite twinning parallel to one 
pair of sides, while in more numerous cases no twinning is visible. 

> Taking albite as NaAlSisOg, molecular weight 268.36, and anorthite as CaAlsSisOg, molecular 
weight 879.09, 1 find the following percentages of anorthite in the several feldspars. Michel- 
L^yy gives somewhat different values in his second fascicle, page 107. 



Feldspar. 



Albite 

Sodic oligoclase 

Calcareous oligoclase 

Andesine 

Sodic labradorite -, 

Calcareous labradorite 

Anorthite 



Symbol. 



Ab 

Ab4Ani .. 
AbgAui .. 
Ab6An8 .. 
Ab]Ani .. 
AbsAn4 .. 
AbiiAuaoo 



Percent- 
age of an- 
orthite. 




20.05 
26.11 
88.88 
51.46 
58.55 
95.06 



'The lengrth of a .side is usually less than two one -hundredths of a millimeter Sometimes 
there are two generations of microlites. 
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They also in some oases exhibit a Ijmncated oomer. It appears 
probable that these microlites are elongated in the diraction of the 
edge between the base and the brachypinacoid, and that they are cut 
nearly at right angles to this edge, being occasionally truncated by a 
hemi-domal face. This suspicion is confirmed by comparison between 
the extinctions of such square sections and those of microlites in the 
same slides which show both albite and Carlsbad twinnings. An 
elongation in the direction of this edge is also to be expected from 
Bravais's theory of crystallization; the two faces, base and brachy- 
pinacoid, being those of perfect cleavage. Where such microlites 
present themselves it is easy to see whether they are cut perpendicu- 
larly to their axes by following the microlite through the slide; for if 
the little prism is inclined, the image in focus will shift laterally as 
the objective moves. 

Now it hapi)ens that prisms bounded by these faces, and in a verti- 
cal position, are very favorably 
situated for discrimination. This 
will appear by examining Michel- 
Levy's stereographic projections 
of the various feldspars at 90° to 
the pole^. In this neighborhood 
there is a saddle in the extinction 
surfaces of the feldspars (the cen- 
tral point of the saddle answering 
to Michel-L6vy's ** most frequent 
extinction") ,and the consequence 
is that an inclination of even 10° 
afl!ects the extinction of a square 
microlite section very little. 
Furthermore, the difference be- 
tween the behavior of different 
feldspars is great, so that a con- 
fusion between the different si)ecies is almost impossible, as may be 
seen from the little table below.* 

In favorable cases the sign of the extinction can be made useful in 
the determination of these microlites, which are not really square. 
In albite the faces o (001) and b (010) make an angle of 86° 24', while 
in anorthite this angle becomes 86° 60'. The divergence from rect- 
angularity is thus sensible, and the proper position of the crystal is 
then with an acute angle in the upper left-hand quadrant (fig. 6). 
When the hemi-domal faces api)ear, n (021) truncates the acute angle, 
making sensibly equal angles of between 46° and 47° with the adjoin- 
ing faces. The other corresponding hemidome, e (021), truncates the 




Fio. 6.— CroHheeotion of bacillar feldspar 
miorollte. 



>In this table the percentageB of anorthite are given as they appear in Michel-Levy's work. 
Ab is mentioned above, these do not anawer precisely to the molectilar formulaa, but whether 
the formulas or the percentages need correction I am not certain. 
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obtuse angle and makes angles of from 42"^ to 43'' with the adjoining 
faces. Andesine and albite can thus be discriminated when orienta- 
tion is practicable. This discrimination can be confirmed by testing 
the index of refraction. Andesine has about the same index of refrac- 
tion as quartz, and a higher index than balsam, while albite has a 
lower index than either. 

Orthoclase microlites would be exactly square ; they would not show 
polysynthetic twinning, and the index of refraction is much lower 
than that of oligoclase, which, like orthoclase, extinguishes at 0^. 



Extinction of nearly square sections of feldspar microlites cut imthin 1(P of tht 

perpendicular to the edge (001) (010). 



Feldspar. 


Composition. 


BxtinotioiL 


AnoHhite 


Ab,, An^=96 ^ An .. 
Ab, An^ =60% An.. 
Ab, An, —47% An.. 
Ab, An, —84% An.. 
Ab, An, =28% An.. 
Ab, An, —18% An.. 
Ab — 0%An.. 


o 

+42id=8t 
+88 d=8 
-f26i±2i 
+16 dt2 
+ 4±li 
+ ±li 
—18 d=2| 


Galcareoas labradorite 


Sodic labradorite 


Aiif|f«in6 


Galcareoas oligoclase.. 

8odic oligoclase 


Albite 





It need not be said that in many rocks the determination of the 
microlites is quite as important as that of the phenocrysts, their 
united volume often equaling or exceeding that of the larger crystals. 
It is also extremely interesting to compare the character of the two 
generations. It is usually stated or assumed that the microlites are 
all of one species. The examination of the square sections, of which 
a dozen or two are often visible in a single slide, leads me to a differ- 
ent conclusion. As a rule the majority do belong to a single species, 
but it is seldom that two or three out of ten do not belong to a differ- 
ent species; in short, the microlites in the slides I have examined show 
an irregularity of species of the same order as, and often greater than, 
that of the phenocrysts. The square sections often show zonal struc- 
ture, and nearly always the exterior portion is more alkaline than the 
inner portion ; but in a couple of cases this order was found to be 
reversed. Occasional reversals of this sort are to be found among 
phenocrysts also. These facts clearly show that even the residual 
mother liquor of a consolidating lava is far from homogeneous, even 
over the area of a square centimeter, and therefore, also, that diffusion 
in such a liquid must be extremely slow, since diffusion would bring 
about homogeneity. 

The existence of rod-shaped microlites, in connection with the fact 
that some of them show Carlsbad twinning, throws some light on the 
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ongiu of twinning. If Carlsbad lameliffi of bacillar shape developed 
in coDtigaity but independently, they would form X-shaped erystals. 
These are said to occur, but are not common in my experience.' In 
the bacillar microliles under discussion one lamella has controlled the 
development of the rod, and the other lamella has accommodated 
itself. It is diflicult to see how this could happen in mere crystalli- 
zation, for why should one part resign its tendeucy to elongation in 
the direction of the cleavage edge? On the other hand, it is well 
known, from the investigations of Messrs. Max Baur, O. Mugge, L. 
van Werweke, J. W. Judd, and others, that there is much reason to 
ascribe polysynthetic struetiire largely to stresses called in play by 
the cooling process. This theory would fully explain the bacillar 
microlites as well as some beautiful cases of bent pbenoerysts where 
twinning by various laws stands in manifest relation to flexni'e. It 
would also afford an explanation of the fact, of which comparison has 
convinced me, that twinning is less frequent in the niiorolites than in 
the pheoocrysts, for the smaller the crystal the less is the chance 
that external stresses upon it would reach the intensity needful to 
produce mechanical twinning. 

In the same connection it may be noted that stresses such as would 
lead to the mechanical twinning of plagioclases would also set up a 
mechanical ffiolotropy in glass. As a matter of experience, . I have 
found it extremely difficult to detect any absolutely isotropit'base in 
some lavas which I had reason to believe contained a small Amount 
^ of glass. The faint variation of tints observed with the gypsum plat« 
between crossed nicols in such cases may, perhaps, have been due to 
strain and not to crystalline symmetry of structure. ^ 



UTHOLOGICAn NOTES. 



True granite is widely distributed in southern Alaska, but so far 
as the observations recorded in this report go this njck is of small 
relative importance. The rocks which in the field might be taken 
for granite are more often diorities. Dr. George M. Dawson reports 
that the hornblende-granites of the coa-st ranges extend in two, and 
perhaps in three, parallel ranges, with intervals, as far northward as 
Fortymile Creek. Some of these granites have been described petro- 
graphically by Dr. F. J). Adams.* Dr. Dall mentions granite as 
occurring on the Yukon River at the month of the Tanana, and Lieut. 
H. T. Allen vaguely mentions granite on the Tanana River.' Mr. 
C, W. Hayes * also refei-s to rocks regarded in the field as granite, at 



I Ttutt phBHooryata of W 
•QboI. Nut. Hl."l.rturvi? 

* Nitt. (jeag. Mate.: <u1' 4 



t»ka the form ot fully dov6loi)«l CftrlBlmil twins in well known. 
, Canadn, Ann. Sept.. rol, 3. part 1, IIUHT, p. 31 B. 
r.iindK<i;>lkDk,1SaT. 
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different points on the Taku River and along his path to the Copper 
River, including the region northeast of Mount St. Elias range. 

In the examinations made for this report, granite was found at 
Juneau Island, which lies near the Alaska-Tread well niine, at Funters 
Bay on Admiralty Island, and at Hot Springs, Baranof Island. A 
rock collected at the Bald Eagle mine, Sumdum Harbor, is probably 
a granite, but it is too much decomposed for satisfactory determina- 
tion. The southern end of the ridge running along the westerly coast 
of Kadiak Island is called Saddleback, and is granitic, and bowlders 
found on this coast seem to indicate that there is an area of the rock 
of considerable size. Finally, on Nagai Island in the Shumagin 
group granite occurs, as appears from specimens in the National 
Museum collected by Mr. Dall. 

The granite from Juneau Island is a coarse rock of originally nor- 
mal composition, though now considerably decomposed. It has much 
original quartz, accompanied by orthoclase, albite, and muscovite, 
both primary and secondary. The original ferromagnesian silicates 
have disappeared, but secondary epidote in remarkably large crystals 
and secondary muscovite are abundant. In a granite from Wrangell 
Island Dr. Adams found epidote, which he thinks an original constit- 
uent. The granite from Funters Bay is somewhat gneissoid and con- 
tains much rutile. It is a muscovite-orthoclase rock. At the hot 
springs on Baranof Island the mass of the granite is normal and con- 
tains orthoclase and albite with biotite, but there are also dark 
streaks in the rock ("schlieren") which contain much andesine- 
feldspar. A pebble or bowlder from the west shore of Kadiak is a 
normal muscovite-granite containing a certain amount of a feldspar 
showing weli-devejoped albite and pericline twinning, but not pre- 
senting exactly the appearance of microcline. When examined on a 
Klein table it appears to have an extinction curve not identical with 
that of microcline, but nearly parallel to it, giving extinctions of 
4° or 5° less than microcline should. Such a depression would be 
caused by the partial replacement of potash by soda, and the mineral 
is probably one of the so-called anorthoclases. The other granites 
mentioned above seem to call for no remark. 

DIORITES AND SODIUM-SYENITES. 

It was formerly the habit to divide feldspathic rocks into two great 
groups — the orthoclase rocks and the plagioclase rocks. ^ ,The prevail- 
ing custom is now to draw the line of division between the alkali- 
feldspar rocks and the soda-lime-feldspar rocks. The classification 
of rocks at the present day is a very arbitrary matter, and it will per- 
haps always remain so, yet there are cases in which of two possible 

» See for examplo U. S. Geol. Expl. Fortieth Par., vol.6, 1876, by Prof. P. Zirkel, who, on the sub- 
ject of definitions, is an excellent authority. 
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groupings one has advantages over the other. The union of the sodium 
and potassium feldspars preserves achemicaltype, since both of them 
are iwlysilieatea, although one member of the group crystallizes in a 
different system from tho others. The fiiudamental idea of this 
grouping seems to be that sodium and potassium are so closely allied 
hat they should not be divided, yet it is well known that they do not 
form parallel series of compounds, sodium salts being more closely 
isomorphous with those of lithium and silver than with the other 
alkalies, K, Cs, Rb, Am.' 

But even the chemical type is not preserved in both rock divisions 
by this classification. Schuster defined albite as ranging from Abj 
An, to Ab, An,. If the feldspar of a diorite is Abj An,, then 82^ per 
cent of this feldspar is sodium -aluminium polysilieate. Now, ordina- 
rily, majorities rule in lithology; and if alkalis are to be pitted against 
calcium, it would seem moi-e rational to draw tho line of demarcation 
at (Ab, Or), An,. Such a distinction has been proposed between 
andesit«s and basalts, and in my opinion it would be more expedient 
in the case of granites or syenites and diorite than that at present 
received. 

On the other hand, the calcium-sodium-feldspars form a continuous 
series, the most important in the whole field of petrography. This 
group of minerals forms an entity, if there is such a thing in miner- 
alogj', and naturally this eutitj- embraces both extremes, both of the 
two components which in mixture form the series. Is if rational to 
make a single group of all of this series excepting one of the extremes, 
and to class this indispensable t-omponent in a distinct group? To do 
so is to ipiore the serial character of the feldspars, and that without 
any compensating theoretical or practical advantage. It appears to 
me also less consistent with the occurrence of rocks than a division 
into a potassium-feldspar group and a sodium-calclum-feldspar group. 
Normal dioriles with a large predominance of the albite molecule are 
common, and there seems to be a complete gradation to a substan- 
tially pur© albitic rock. Normal granites are characteristically ortho- 
clastic or micioclinic; granites with feldspars which may l>6 written 
Abj Or,, Abi Or,, Abj Or, are not common. The "sodium-granites" 
and "sodiiim-syenitee," furthermore, appear to occur rather as dikes, 
and in regions where diorite dikes are abundant, than like granite, in 
vast massifs; and there are other indications which point in the same 
direction. This aspect of the matter, however, would require mono- 
graphic treatment. 

While, then, in compliance with prevailing custom, I shall use the 
term sodium-syenite in this paper, I do so with reluctance, and believe 
that sodium -diorite or albite-diorite would be a more suitable term. 

lAmoDS other losMDceB Id the i 
formnlsi ia the siune. eiceptlnif thi 
poQiid, but there the Ukeneea unit 
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TREADWELL SODIUM-SYENTTB. 

From an economic point of view the syenite of the Treadwell- Alaska 
mine is the most important in the Territory, for it is in this rock that 
the greater part of the famous gold dex)osit occurs. The mass is fis- 
sured or reticulated; the fragments are surrounded by ore, and are 
impregnated with it, as will be more fully set forth in describing the 
mine. Most of the rock is greatly decomposed, as may be inferred 
from its relation to the ore, and it is not an easy matter to ascertain 
its original character.^ Much pains was taken to collect the best 
material available for examination. In an unaltered state this granu- 
lar rock consisted mainly of albite. A considerable amount of oligo- 
clase was intergrown with the albite, and more basic plagioclases 
existed in very subordinate quantities. The f erromagnesian silicates 
have disappeared from most of the specimens, and it is impossible to 
say in what proportion the various minerals of this group were origi- 
nally present, but the indications are that augite predominated over 
hornblende, with some local exceptions. Biotite was also an original 
constituent. As accessory constituents, the rock contains apatite, 
zircon, and (in association with biotite) rutile. 

The freshest specimen of the rock obtained is a fragment included 
in gabbro (specimen 90). It contains more quartz than most of the 
rock, and the albitic feldspars are often broken into fragments, as if 
the specimen represented a pyroclastic f acies of the syenite. 

Quartz is not abundant in the slides, and in almost all cases in which 
this mineral js determinable by the help of Becke's method it appears 
to be secondary. There is a considerable amount of unstriated feld- 
spar, all of a smaller refractive index than Canada balsam. This 
feldspar, however, does not present the typical appearance of ortho- 
clase under the microscope, and chemical tests appear to preclude its 
determination as orthoclase. The following is a complete analysis, by 
Dr. W. F. HiUebrand, of specimen 95, which is one of the freshest in 
the collection. The analysis, when reduced to molecular terms, 
shows that the feldspar should be almost pure albite. 



1 This rock was described by Prof. F. D. Adams from a few small spedmens as granite. The 
Bcantiness of the material and its decomposed character no doubt account for this referenoa 
Am. Geologist, August, 1880. 
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Analysis of AlaskorTreadweU syenite. No. 96, 

[By Dr. W. F. HlUebrand.] 



SiO, 

TiO, 

MO. 

Fe.0. 

PeO 

MnO 

CaO 

SrO 

BaO 

MgO 

K,0 , 

Na,0 

H,0, below 110** C 
H,0, above llO** C 

PA -. 

FeS, 

00, 

Total 



Per cent. 



68.01 
.13 

18.48 

.06 

.32 

.06 

2.66 

trace 
.02 
.06 
.89 

10.01 

.05 

.37 

.06 

2.10 

2.01 



99.69 



There is thns twenty-five times as much soda as potash in the rook, 
and even if the whole amount of potash were present as pnre ortho- 
clase the quantity of this mineral would be trifling. On the other 
hand, most albite contains as much potash as this analysis shows. 
The analysis also indicates that there is a deficiency rather than an 
excess of si}ica, so that the effect of the x>artial decomposition of the 
feldsi>ar has been to remove silica. Another specimen (76) shows 
feldspars similar to those of * the rock analyzed. A test was made on 
the thin section with hydrofluosilicic acid, the result of which was to 
show abundant soda but no sensible amount of potash. Tests by the 
same chemical method were made also on doubtful f eldsx>ars in other 
slides of this rock, and specific gravity determinations of the mineral 
were resorted to in still other cases. All gave accordant results. 

The decomposition which this diorite has undergone is manifold. 
The large amount of calcite present can hardly have been derived 
from the decomjxmtion of the plagioclases, for the anbrthite molecule 
plays a very subordinate part in the composition of the rock. On the 
other hand, in the reticule of stringers intersecting the rock quartz 
vastly predominates, though not to the total exclusion of calcite. 
Hence, just as in the Ophir district, studied by Mr. Lindgren, it seems 
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that calcite in solution has probably x)ermeated the rock, leaving the 
silica mainly in the fissures.^ 

PjTite is abundant in the rock as a secondary mineral, and is often 
intimately associated with the calcite. This pyrite might have entered 
the rock as a solution of iron sulphide; or it maybe that it is the result 
of the action of a solution of sulphydric acid on the ferrous-rock com- 
ponents. I incline to believe that the pyrite is mainly due to the lat- 
ter process, for reasons which will be stated in discussing the ore. 
That epidote and chlorite should be found in the decomposed rock is 
almost a matter of course. Zoisite also occurs in some slides as a 
decomposition product. A green mica is found in some of the slides 
in such intimate association with the calcite and pyrite as to leave no 
doubt as to its secondary character. 

Mr. Turner informs me of an occurrence in California which deserves 
to be noted in comparison with that of the Tread well. It is a sodium- 
syenite dike to the eastward of Moccasin Creek, Tuolumne County, 
which is mineralized to a considerable extent, portions of it contain- 
ing low-grade gold ore. 

OTHER OCCURRENCES. 

Besides the Treadwell rock the only aibitic syenite met with occurs 
as a dike in the granite near Hot Springs, on Baranof Island. This 
dike presents a somewhat peculiar appearance under the microscope, 
the feldspar being very imperfectly striated and being mingled with 
the hornblende in ragged shreds and patches rather than in defined 
crystals. The hornblende is present in greenish-brown needles, many 
of them being skeleton crystals, and usually possessing sharp out- 
lines, indicative of early crystallization. The only other original 
constituent appears to be iron ore, mostly octahedral in form, but 
seemingly accompanied by a certain amount of leucoxene. The rock 
appears to have chilled rapidly and the feldspar is clearly the young- 
est constituent. It has a lower index of refraction than balsam and 
gives extinctions appropriate to albite. 

At the Lane and Hayward, and the Bennet properties in Silver 
Bow Basin, there are three dikes parallel to one another and about 
6 feet wide. The rock is a diorite, the feldspars showing an ophitic 
structure, though there is no augite present. Hornblende and biotite 
are the ferromagnesian silicates, and magnetit.e and quartz in small 
grains fill the spaces between the larger crystals. Chlorite, epidote, 
and muscovite are present as decomposition products. The feldspars 
are not well twinned and do not show good crystal outlines; a few, 
however, are in a position to be determined and prove to be more or 
less calcareous labradorite. 

The diorite from the Bear mine, in Berners Bay, is coarse and gran- 
ular, and beai's considerable resemblance in hand specimens to the 



» Fourteenth Ann. Rept. U. 8. Oeol. Survey, Part II. 1894, p. 'J76. 
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rock of the Treadwell mine; tmder the microscope, however, it appears 
ooDBiderably more idiomorphic aud the feldspar is mach more anor- 
thitic, ranging from acid labradorite towaitl albite. The fen-omagne- 
sian silicate is chiefly hornblende, which is present in very considerable 
quantities. There Is a small amount of oiiginal quartz in this rock. 
Zoisite and the usual decomposition products of ferroma^niesian sili- 
cates are present. The rock at the Comet mine is similar to that of 
the Bear. 

At Karluk, on the northwest coast of Kadiak Island, there are mag- 
nificent cliffs of an interesting hypidiomorphic diorite. The face of 
the cliffs, of which a general view is given on PI. XII, is partly 
gray and partly black, the two colors manifestly belonging to allied 
rocks, which, however, are so mingled that it seems impossible to 
determine by mere inspection whether they represent successive 
intrusions, imperfectly separated masses, or a partial solution of one 
material in the other. The rock is extremely fresh, aud under the 
microscope is seen to vary in composition with the color. The gray 
rock is a quartz-diorite containing hornblende, biotite, and labra- 
dorite. The analysis of this rock given below, made by Dr. W. F. 
Billebrand, evidently answers to the composition ascertained under the 
microscope. ' The dark streaks and patches are more porphyritio than 
the gray portions just described. They consist of a peculiar reddish 
feldspar with the optical qualities of anorthite, embedded in a ground- 
mass composed mainly of green hornblende, a little biotite, and quartz 
mingled with some feldspar. The microlites of the groundniass as 
well as the phenocrysts are anorthite. Needles of apatite and grains 
of magnetite are also present. The black diorite contains much more 
lime and much less soda than the gray material, as the partial analysis 
given below shows. Considering the relations of the chemical com- 
position, it appears to me probable that the dark material in this 
diorite corresponds to the blebs so often found in granite and grano- 
diorite,>and that while the two materials have always been associated 
they have never been thoroughly miugled. 
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Analysis of Karlvk diorite, 
[By Dr. W. P. HXIlebnmd.] 



SiO, 

TiO, 

MO, 

Fe,0»-. 

FeO 

MnO 

CaO 

BaO 

MgO 

K,0 

Na,0 

H,0, below lioo C 
H,0, above llO© C 

P.O, 

FeSj 

Total 



Karlokdi- 

oiite 

No. 218. 



Karlokdi- 

orite 

No. 211 

(ferromagr- 
neelAn 
fades). 



61.58 
.63 


54.26 


15. 89 
2.19 




5.50 




.20 




6.49 

.06 

2.69 


8.88 


.51 

3.04 

.16 


.64 
1.99 


1.26 




.12 




.06 








100.38 





A very handsome diorite occurs abundantly in and about the island 
of Unalaska. This rock has often been referred to by previous visit- 
ors as a granite. It occurs at Captains Bay and on Amaknak Island, 
and seems to be abundant through the interior of the larger island, 
occupying a considerable area in the Amber Range east of Makushin 
Bay. In its typical occurrences this rock is remarkably fresh. The 
feldspars were found to range from andesine to bytownite, the major- 
ity lying between acid and basic labradorite. The ferromagnesian 
silicates include biotite, hornblende, and augite, of which the first is 
the most abundant. The hornblende and augite are frequently inter- 
grown. The rock contains a very moderate amount of quartz, most 
of which occupies interstices between the hypidiomorphic silicates. 
The various occurrences differ from one another chiefly in minor 
variations in the relative quantities of the constituent minerals. 

On the island of Bogoslof a fragment of granular rock was found 
included in the andesitic lava. This inclusion is a diorite of the 
same general appearance as that just described, and showing under 
the microscope a composition indistinguishable from that of the 
Unalaska rock. No doubt the andesite broke through earlier intru- 
sions of this rock, which is, of course, allied in composition to the 
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more recent lava. It is probable that the two rocks represent recur- 
rent phases of eruptivity. 

Another rook similar to that of Unalaska was collected by Mr, Dall 
many years since at Nuahagak, on the north shore of Bristol Bay. 
Some of the feldspars in this rock appear to be somewhat more alka- 
line than the diorite of Unalaska. Mr. Dall's collection also contains 
a diorite from Saranna Bay, on the island of Attu, the westernmost 
possession of the United States. It is a fine-grained granular rock 
consisting chiefly of labradorite, hornblende, and sugite. 

PYROCLA8TIC DIOHTTK. 

A very peculiar rock occurs in the neighborhood of Sitka, and 
appears also to be of very widespread occurrence throughout the Ter- 
ritory of Alaska. So far as the neighborhood of Sitka is concerned, 
this rock long ago attracted the attention of geologists. The first 
description appears to be by E. Hoffman, in his Geognostic Observa- 
tions, oollected on a journey around the world in 1829. He says, in 
Babetance; In the neighborhood of New Archangel the rocks consist 
of a Une-grained, siliceous graywacke, which contains clay-slate in 
long and short strips, and sometimes alternates with this rook as if 
interbedded. This remark apparently refers to the occurrences at 
the mouth of Indian River, on the easterly side of the river, where 
there are a number of tidal islets iipon which the rock can be observed 
with great facility. At this locality the material is rather fine-grained, 
and exhibits no schistosity, though showing many irregularly dis- 
tributed joints. It contains blebs similar to those found in diorites, 
andesites, and other igneous rocks, distinguished from the main mass 
by their darker color and finer grain. The rook here contains numer- 
ous masses of slate, which is thoroughly cleaviible and often coal- 
black in color. These masses of slat© vary in size from 10 or 20 feet 
in width to the smallest dimensions; indeed, in portions of the rock 
the mass is peppered with minnte chips of slate no more than a quar- 
ter of an inch thick. The larger masses of slate strike with very 
considerable regularity about N. 40" W., true, and they contain 
stringers of the imbedding material. It is proper to observe that the 
complete cleavage of the included masses of slate indicates that the 
intrusion of the pyroclastic mass occurred after the country had been 
affected by the slaty structure. 

The same rock is found in very widely dispersed localities else- 
where. It constitutes the main part of the country near Silver Bay, 
where it is clearly intrusive. It was found on the little island of 
Ugak, nearEadiak Island; it is believed to exist at the mouth of Cop- 
per River, Prince William Sound; it was found at the head of Cook 
Inlet, on Tumagain Arm ; there is a probable occurrence of it on the 
northwest side of Red Cove, Popof Island, and a specimen has been 
inspeoted from Nushagak, on the north shore of Bristol Bay; it occurs 
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in pebbles on the west shore of Eadiak Island and on the south side 
of Kachemak Bay, Cook Inlet. It would seem from the descriptions 
by Mr. H. P. Gushing^ that the same rock occurs on the north shore 
of Glacier Bay near the Muir glacier. Specimens of this rock, how- 
ever, were not submitted to Prof. Greorge H. Williams for microscopic 
study. 

While the field occurrence of this rock seems to leave substantially 
no doubt of its intrusive character, slides examined under the micro- 
scope present an extremely unusual appearance for an igneous rock. 
Specimen 172, from the mouth of Indian River, has been selected as 
a tyx)e. The hand specimen shows a blackish-brown mass with an 
almost equal proportion of white grains, which under a lens are seen 
to be incomplete grains of quartz and feldspar. Under the microscope 
it is found that this rock contains phenocrysts retaining to a consid- 
erable extent the form of dihexahedra. 

This mineral is accompanied by striated and unstriated feldspar in 
small amount, together with relatively few pyroxene crystals and 
irregular fragments of black slate. The groundmass forms a rela- 
tively small proportion of the slide. The augite phenocrysts, which 
are few in number, have idiomorphic form in only one or two cases. 
There is also one remnant of dichroic brown hornblende. Biotite 
existed in the rock when fresh, but it is now almost converted into 
chlorite. The rock contains chlorite, calcite, and muscovite as sec- 
ondary products. The feldspars are partly striated, and all such 
refract more highly than Canada balsam. The feldspars can be deter- 
mined only with difficulty by their optical characters, but one sharp 
determination was made for oligoclase. They are faulted to a very 
great extent, and in one case a very beautiful micropegmatltic struc- 
ture is \i8ible. They are also to a considerable extent decomposed, 
and some of their outlines are entirely filled with decomposed prod- 
ucts. The unstriated feldspar, if there be any such, is indeterminable 
on account of decomposition. The most numerous phenocrysts are 
those of quartz. These have undergone no decomposition, and in some 
cases have retained their original outline, namely,, that of short, dou- 
bly terminated prisms. The quartzes are much the most remarkable 
of the rock components. In a great majority of cases they have been 
crushed and exhibit a fairly regular dynamic cleavage^ the planes 
being apparently parallel to the pyramidal faces r or 2?, these cleavages 
being nearly at right angles to one another. These appear to corre- 
spond to Reusch's Gleitflaechen, which Professor Judd has described 
as developed in crushed or strained quartz. The groundmass of the 
rock is difficult to distinguish from areas of decomposition and accu- 
mulations of fragments due to dynamic action. Areas of closely 
packed feldspar microlites with low-angle extinction seem, however, 
to represent the real groundmass. 

1 Nat. Geoff. Mag., VoL IV, 1892, p. 67. 
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From the above description it appears that the microscopic charac- 
ter of this rock resembles that of a sandstone almost as much as it 
does that of an igneous rock. Nevertheless, it presents features which 
seem to be clearly igneous, and taken in connection with the field 
occurrence, the only explanation seems to be that the mass has been 
intruded, not in the condition of an ordinary fluid magma like that 
of modern lavas, but in a semisolid, more or less pasty state, an emul- 
sion so stiff as to permit of rupture of the minerals in the process of 
forcible injection. Even on this hyi)othesi8 it is difficult to compre- 
hend how such minute comminution can possibly have taken place. 
That an occasional quartz should be broken is not strange, but that 
so large a proportion of the quartzes should have a superinduced 
cleavage is extraordinary. It was only after many tests that I was 
able to convince myself of the true character of this mineral. Two 
specimens of the rock have been analyzed by Dr. W. F. Hillebrand. 
One of these is the specimen 172, from Sitka, already described, and 
the other was collected on Bear Creek, in Turnagain Arm, some 500 
miles from 172. The analyses showed the following composition: 

Analyses of pyroclastic diorite, 
[By Dr. W. F. Hillebrand.] 



Specimen 
172. 



SiO, 

TiO. 

ALO, 

FeA -. 

FeO - 

NiO 

MnO 

CaO .- 

SrO 

BaO 

MgO 

K,0 

Na,0 - 

Li,0 

H,0 below IIOOC 

Rfi above 110^ C2..-- 

PA 

FeS, 

CO,..- 

Carbon from carbonaceous matter 
Fl. 

Total 



65.94 

.80 

13.74 

.49 

5.21 

trace 

.11 

2.87 

trace 

.12 

2.33 

1.63 

2.80 

trace 

.21 

2.59 

.21 

.41 

.59 

.20 

? 



Specimen 
233. 



100.25 



62.92 

.84 

14.29 

.84 

4.66 

trace 

.15 

2.72 

trace 

.10 

3.14 

1.39 

4.30 

trace 

.22 

2.84 

.13 

.32 

1.24 



100.10 
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It will be seen that these analyses show a strong likeness to eaoh 
other. When reduced to molecular terms it appears that No. 172 
should contain an average feldspar intermediate between andesine 
and oligoclase, but nearer the latter than the former. The metasili- 
cates and free quartz should be present in about equal molecular pro- 
portions. In No. 233, from Bear Creek, Turnagain Arm, the feldspar 
is, or should be, oligoclase. The metasilicates and free quartz are pres- 
ent in about the same proportions as in the Sitka rock. The extent 
of the occurrence represented by No. 233 is quite unknown and may be 
great. 

A few notes may be* made on other specimens of this p3nx)clastic 
diorite. No. 174 is from a dark, elongated bleb in the rock near 
Sitka. Its dark color appears to be due to an accumulation of brown 
hornblende accompanied by very small amounts of augite. The 
unstriated feldspars in this specimen are less refracting than balsam, 
and must, therefore, be either albite or orthoclase. In one section a 
feldspar appears with rectangular cleavages and extinctions parallel 
to the cleavages, determining it as orthoclase. At least one striated 
albite also occurs in this slide. There are, furthermore, areas which 
remain nearly dark between crossed nicols and which seem to repre- 
sent a partially devitrified glass. Specimen 32 is from the same 
locality and is chiefly remarkable for the number and variety of the 
forms of perthitic intergrowths. Micropegmatitic and granophyric 
structures are not uncommon in this slide. Among the larger feldspars 
some were found to be oligoclase, and one was determined as andesine. 
The slides from Silver Bay and its neighborhood call for no special 
remark, being in general extremely similar to those from the mouth 
of Indian River. The microgranitic, microi)erthitic,and granophyric 
structure of the groundmass in some of these slides is, however, more 
pronounced than in the Sitka specimens. 

The more western occurrences of this rock do not differ in any note- 
worthy sense from those near Sitka and on Silver Bay. While the 
pyroclastic diorite at the mouth of Indian River shows little or no evi- 
dence of a secondary schistosity, and the included slate is evidently 
of a totally different origin and greater age, on Silver Bay a consid- 
erable proportion of the diorite in question has been reduced to a 
schistose condition by movements subsequent to this intrusion. The 
same is true of the occurrence on Cook Inlet and elsewhere; and in 
many cases, although the diorite seems to alternate with slate, the 
slate is merely an altered form of the diorite itself. In all cases 
where the rock could be collected in a state fairly free from induced 
schistosity, the microstructure was found similar and gave evidence 
of a very intense comminution prior to the final solidification of tjie 
mass. 

Concerning the age of the pyroclastic diorite there are few data. 
That it is pre-Tertiary is certain. On Cook Inlet it certainly appears 
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mncli older than the almost tinmetamorphosed Jurassic rooks of 
Tuxedni Harbor, Carbouiferous strata are now known to exist at 
several points in the Alexander Archipelago, and such may be the 
age of the slates asisociated with the pyroclastic diorite. This rock 
may also be as young as the Jura. 

GABBRO. 

One of the important rocks of the Treadwell mine is a heavy intra- 
sion or dike of a green, granular material, regarded iu the field as a 
gabbro. All of this rock is in so advanced a stage of decomposition 
that a satisfactory examination is impossible. It is composed chiefly 
of augite and plagioclase, the feldspar, however, being so olonded 
that its species is indeterminable. While a majority of the specimens 
must be classed as granular or hypidiomorphic, a few are distinctly 
porphyritic. In these last the groundmass has ophitic structure, so 
that taken alone the term porphyritic diabase would fitly describe 
them. Considering their relation to the mass as a whole, these speci- 
mens most be regarded as a porphyritic facies of the gabbro. The 
analysis, by Dr. W. F. Htllebrand, given below, is clearly that of a 
basic rock with feldspars, probably belonging to the labradorite series. 
The augites are largely decomposed to chlorite and epidote, while 
the feldspars are replaced by aggregates of mnscovite, ealoite, etc. 
The amount of magnetite is, on the whole, small. In some speci- 
mous hornblende occurs as an original constituent associated with 
augite. At one point in the Mexican there is asi)e8to8 in the green- 
stone. In portions of the mine this rock has assumed a somewhat 
schistose structure. 

Analysis of gabbro from the TreadtveO mine, 
[By Dr. W. P. Blllpbrand.] 



CaO. 
K,0.. 
Na,0 



8.71 
1.96 
8.11 



A float rock was found in Sheep Creek Basin which bears much 
resemblance to the gabbroitic material of the Treadwell mine. It con- 
tains some hornblende, as is the case with some of the Treadwell rock. 

A gabbro occurs as the southerly bounding wall of the Grewingk 
glacier on Kachemak Bay. The structure is granular, and the ferro- 
magnesiausillGatesare olivine and augite. The former predominates, 
bat is largely converted into serpentine. The feldspars in this rock 
are so clouded with decomposition products as not to be capable of 
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identification. Doubtless fresher specimens might have been col- 
lected in the neighborhood. These were taken at the glacier wall'on 
accoant of the relations of the glacier to the disintegration of the 
mass. 

DIABASE. 

The onlyporphyritic pre-Tertiary pyroxene rock collected was found 
on the dump of the Tellurium mine at Funters Bay. The country at 
that point is so covered in with vegetation and moss that the exposed 
rock is almost a vanishing quantity, and even the excavation from 
which this specimen came was filled in. This diabase is in all proba- 
bility a dike. It shows large porphyritic crystals, recognizable with 
the naked eye as pyroxene and under the microscope as augite. The 
rock is somewhat remarkable for the extreme decomx)osition of the 
feldspars in connection with the very fresh augites. The feldspars 
are recognizable only by their outlines, now filled with sericite, cal- 
cite, secondary quartz, and other decomposition products. The out- 
lines, however, are entirely similar to those of labradorites in fresh 
diabase dikes, and there need be little hesitation in asserting that the 
feldspar phenocrysts belong in the labradonte series. The ground- 
mass still contains augite, but it is naturally more decomposed than 
the phenocrysts, and shows a considerable amount of epidote and 
chlorite. This fact and the state of the decomposition of the feldsx)ar8 
make it difficult to study the groundmass, but it appears to me that 
the last material to consolidate was pyroxene. The slide contain 
some magnetite. 

SCHISTS. 

Krupfive schists, — A few schistose rocks were met with which seem 
to Im^ of unquestionable eruptive origin, though now so thoroughly 
metamorphosed that the original character of the rock is obscured. 
The l)est of these occurs on Bear Bay, an arm of Silver Bay, Baranof 
Island. It is a saiissuritized, plagioclase rock, and the ferromagne- 
sian silicatre is hornblende, probably of paramorphic origin. The 
feldspars which remained intact are labradorites of both varieties, but 
most of the feldspathic constituents are disintegrated with the develop- 
ment of zoisite and muscovite. Some garnet is also probably second- 
ary. Tlu* liorublonde is green, coarsely fibrous, ragged, and strongly 
|)loo(^hroi(% (l(><M)m|K)Hed in large measure to chlorite. The rock car- 
ries iiiHgiiotite and somo pyrit.<\ As is manifest from this description, 
this Hcliist strongly n^senihles many hornblendie schists derived from 
aiigit.i<* iiitniMive or eruptive masses. In this case no direct evidence 
is at hand that the original rock was pyroxenio. 

A Koniowhal HcluHtose ro(»k iH^ours on the northeast side of Gastineau 
Channel, along the IxMirli a1>ont 2 miles to the southeast of Juneau. 
Ah Ht»on in tho Hold, it. is a brownish-griHMi rock with veins of calcite, 
indicating alteration. Under the mion>scoi>e the schistose structure 
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is le^s evident than in tht) hand s{>eciinens. The feldsimrs, however, 
are much disintegrated and are determinable only in a few cases. 
These seem referable to uligoclase. The most prominent c^onstitnent 
is a colorless amphilwle (tremolite), occurring in short, rather well- 
developed prisms which extinguish at about 15°. Nearly every one of 
these crystals contains flakes of biotite, varying in tint from nearly 
colorless to deep brown. The amphibole and mica seem t« me to be 
coeval, secondary minerals. The slide contains much calcite and other 
ordinary decomposition products. The original rock may very prob- 
ably have been diabasic. 

At the Taku mine, Silver Bow Basin, a large mass of pyrrhotite is 
accompanied by schistose rock similar to that just described, but in a 
more decomposed state, Thejvmphilmle in this rock is light green in 
«>lor, but is associated with biotite in the same way as in the beach 
rock. Quartz and magnetite are also intimately mingled with the 
hornblende. There are remnants of plagioclase, bnt Ihey are not 
determinable. 

At the site of old Sitka, some ti miles to the north of the present 
settlement, a little prospecting was in progress at the time of my visit. 
The quartz stringers were in an extremely fine-grained, greenish rock, 
which is composed of minute hornblende needles mingled with tiny 
grains of quartz. Such schists are known to occur as the result of 
the alteration of eruptive rocks, and it seems on the whole more 
probable that this material is igneous than that it is sedimentary. 

Sedhneniary schists. — The main mass of the country rock in Silver 
Bow Basin is uf sedimentary origin. It is a schistose material, the 
greater part of which consists of quartz grains. Some of them are 
probably of granitic origin and are full of inclusions; others have 
recrystallized. Brown jlakes of biotite occur along what I suppose to 
have been surfaces of relative tangential motion. A carbonate, which 
is certainly in part oalcite, is distributed through the slides in patches. 
This carbonate probably contains a certain amount of magnesia, cor- 
responding to the magnesian mica. A small quantity of magnetite is 
present, and a few grains of garnet, partially decomposed. The mica 
has decomposed in part to chlorite, and the rock carries a little pyrito 
irregularly disseminated. It is not improbable that this sulphide is 
[ dne to the action of sulphydric acid on magnetite or biotite. 

A specimen of sedimentai-y schist from the Gould and Curry prop- 
erty in Sheep Creek Basin is amphibolic. Rays vibrating parallel to 
1 C are of distinctly bluish tinge. The cleavage of the amphibole is 

verj- strongly marked, but it can not be called fibrous in the mass of 
the rock. The slide contains a beautiful little vein, which is filled 
with quartz, calcite. and filn-ous amphibole. All of these minerals 
seem to have crystallized at the same time, and the amphibole pene- 
trates the othei-s much like the rootlets of a plant, in sinuous lines, 
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which converge to fairly well-defined centers. This vein amphibole 
is less blue than is that in the mass of the rock. 

A sohiat collected at Funtere Bay resembles that from Silver Bow 
Basin in its niicroecopical character. 

ANDBSITES. 

Under the term andesite I understand an effuaive pla^ocla.se- 
porphyry in which the groundmass is composed of plagioclase micro- 
lltes and magnetite, while the phonocrysts are f erromH^esian silicates 
and tricLinie feldspars. The most important difference between an 
andesite and a basalt lies in the charaet«i- of the gronndmass, or of 
that portion of the magma which is the last to consolidate; for the 
fluidity of the lava and its capacity to form extensive sheets depends 
wholly upon the properties of this portion of the mass. In basalts 
the residual fluid, the mother liquor, is augitic and has the properties 
of a basic slag. In the andesites it is a relatively very viscous mass 
and the lava flows with much greater difficulty. In my opinion any 
system of classification which should ignore this distinction in the 
capacity to flow would be very artificial and inexpedient. 

All the specimens of lava collected in the expedition of 1895 from 
Cook Inlet westward turn out to be andesites. Some of them werB 
i-egarded in the field as possibly basalts. Grewingk mentions basalts 
at the Pavlof volcain> on the mainland, and on Atka. Dr. Dawson 
notes the basaltic structure of volcanies on Akutan and the basaltic 
appearance of liltle islands in Kazan Bay, Atka Island. Columnar 
structure is not infrequent in andesites, and in Grewingk's time s 
confusion between dense andesites, von Gflmbel's "basaltic" ande- 
sites, and basalt would not have been strange. Nevertheless, there 
seems no inherent improbability in the occurrence of basalt in the 
volcanic belt of Alaska. To the northward it is known to occur. 

The andesite of this region may be grouped as a ugit«- andesite, 
augite-bron site- andesite, and hornblende-andesite. There is also a 
pyroxenic dacit© which is closely affiliated with the andesites. They 
appear to represent substantially the same magmas as the dioriteu 
of the region, and it is interesting to note so close an approach to 
uniformity in composition extending over something like 1,000 miles 
in distance and over several geological periods in time. 

The feldspar most characteristic of the Alaskan andesites, as seen 
under the microscope, is basic labradorite, which seems to be present 
Iwth as phonocrysts and as microlites in everj' slide. On the whole, 
the augit«-andesite contains somewhat more calcareous feldspars than 
the augite-bronzite-andesite, while the hornblende-andesite of Bogos- 
lof shows less calcareous feldspars. Nevertheless, in all three varie- 
ties anortliites have lieen found. lu hornblende-andesito elsewhere 
puie Iftue-feldspar is considered a rarity, and details of these feld- 
spars will he given below. The phenofrystic feldspars are scarcely 
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^er all of the sarae species in any slide of the Alaskan andesites, 
lugh one species generally predominates very greatly over the 
Careful examination of the square sections of mlcrolite 
ihows that these too vary, and indeed between much wider limits 
lan the phenocryst«. The majority of the microlites in all these 
tndesites lie within the range of the labradoriles Ab^ An^ and Abj An,, 
lat in almost all there are also microlites of andesine and of oligo- 
The average mlcrolite is always more alkaline than the aver- 
ige phenoeryst. Both phenocrysts and microlit«s often show pro- 
bounced zonal structure, and in such cases the exterior portion is as 
fcrule more alkaline than the interior; but there are exceptions to 
this rule both among the larger crystals and among the microlites, 
showing a very fundamental heterogeneity in the composition of the 
fluid rock. While the crystals are conveniently classified as pheiio- 
Forysts and microlites, several distinct sizes may often he observed, 
aid sometimes there seems to be a complete gradation in size, fnnu 
ihenocrysts some millimeters in lengtJi to microlites say 0.005 roilli- 
meter square. It may be proper to note that most of the slides of 
mdesites afford much irreproachably good material for the dotermina- 
feon of feldspars by optical methods. 

The pyroxene of the andesites is pi-esent in very much smaller 
quantity than the feldsimr; and though pyroxene microlites occur, 
they are of much lass relative importance than the phenocrysts. A 
large part of the phenocrystic pyroxene is always augite, and no 
rhombic pyroxene microlites were found. The rhombic pyroxene 
shows scarcely noticeable pleochroism, and the axial dispersion has 
-its smaller angle perpendicular to the prismatic axis. This charac- 
terizes the mineral as bronzit« instead of the more usual hyper- 
ihene. Basaltic hornblende, with black borders, occurs sparingly in 
R few of the augite-andesites. 
Olivine is rare in the andesites. It occurs in one slide out of five 
■om St, Augustine, and remnants of this mineral are found in the 
t^sndesite from Makushin. 

Primary quartz is rarer than might be expected in the andesites. 
A few small crystals were found in the rock from Cape Douglass and 
in an agglomerate from Amelig Harbor. A specimen from the west 
aide of Amaknak Island also shows a few ill-deHned grains. Tridymite 
Was detected with certainty in only one specimen, an augite- bronzite- 
Oidesite from Coal Harbor, Unga Island (No. 278). Mr. G. P. Mer- 
11 also notes it in the Bogoslof lava. 

Glass occurs in greater or less quantity in many of the andesites, 

fbat it is not always easy to decide on the amount of this substance 

present. Many areas which between crossed nicols appear black 

show faint changes of tint when the gypsum plate is employed^ It is 

possible that this behavior merely indicates strain in a mass, which 

B^ln a state of ease would be isotropic, or it may be that mi incipient 
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crrstallization of certain components of the glass has given the mass 
an optical character. 

The order of succession of the phenocrysts appears to be bronzite, 
augite, feldspar. The feldspars include pyroxene, and when the two 
pyroxenes are crystallized together, as often happens, the outer por- 
tion is augite. The bronzite appears to resist decomposition better 
than the augite. 

The following is an analysis, by Dr. W. F. Hillebrand, of specimen 
244 from St. Augustine. The slide shows phenocrysts of augite, 
bronzite, and plagioclase in a groundmass containing glass, plagio- 
clase microlites, and some magnetite. The feldspar, optically deter- 
mined, is almost exclusively calcareous labradorite, but there is also 
a little alkaline labradorite. There is no free quartz. 

Analysis of St, Augustine andesite. No, 244, 
[By Dr. W. F. milebrand.] 



SiO, 

TiO, 

A1,0. 

FeA 

FeO 

NiO 

MnO 

CaO 

SrO 

BaO .. 

MgO 

K,0 

Na,0 

Li,0 

H,0, below n(P C 
H,0, above 110° C 

PA 

FeS, 

Sin FeS, 



Per cent. 



60.40 

.61 

16.89 

1.88 

3.72 

.02 

.12 

7.25 

ft.tr. 

.06 

3.82 

.77 

3.80 

ft.tr. 

.09 

.20 

.16 

.08 

99.87 
.04 



It JR not easy to offer a satisfactory discussion of this analysis. The 
calijarcoiiH cluiracter of the feldspai's as determined by optical methods 
ilooH not seem borne out by the analysis, and although microscopic 
i'xain illation would lead one to expect a fairly hij^h percentage of 
nilica ill the thoroughly amlesitic groundmass, a silica content of over 
<><> per cent would not l)e 8usi)ected. By converting the analysis into 
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terms of molecular weights the difBculties are not diminished. If 
the alkalies are reekoned as polysilioate feldspars, and nearly all of 
the residual alumina is regarded as going to form anorthite. then the 
feldspars would be nearly expressed by AbjAng, or andesine. The 
microscopic observations must be greatly strained to answer to this 
result; for all the determinable phenocrysts and nearly all the deter- 
minable microlit«s are more cakrareous than midesiue. The only jwa- 
aible conclusion seems to be that the glass is very alkaline. The 
tendency of alkalies to accnmulate in the gla-ss is not unknown; hut 
the difficulty does not end here, for after the maximum amount of 
feldspar and the ferromagnesiau silicates are allowed for, there 
remains a surplus of silica amounting to over a fifth of the total 
silica, or about one-eighth of the entire weight of the rock. There is 
no visible free silica in the slides, and the excess must either be 
present in the glass or possibly in part in a free state, but so finely 
disseminateil as to escape observation. 

As a check upon the microscopic work, specific gravity determinar 
tions were made of the phenocrystic feldspars in the St. Augustine 
lavas. Such examinations on specimen 244 gave in mean a density o£ 
2.684. Specimens 241, 237, and 238 were also examined. The densest 
feldspar found had a specific gravity of 2.694, and the tightest 2.061. 
All of these feldspars, judging from their density, were thus labrador- 
ites, in entire accord with the microscopic examination. A separation 
of 244 by the Thoulet solution and analyses of products could hardly 
throw valuable light on the composition. It is substantially certain 
that the phenocrj'sts would prove normal and that the inseparable 
gronndmass would show a large amount of sodium and a great deal 
of silica. 

The composition of this lava is so peculiar that I procured from Dr. 
Hillebrand the following partial analysis of specimen 241, which is 
nearly or quite holocrystalline, contains no visible free quartz, and no 
olivine. The essential components as determined by the microscope 
are pyroxene, labradorite, and magnetite. 

Partial analj/gia of St. Auffiutine lava. No. Sil. 
[By Dr. W. T. HiUebrandl 



SiO, _. 

A1,0„ Fe,0„ FeO, TiO„ P,0, 

CaO 

MgO 

K,0 

Nft,0 , 



34. »7 
7.85 
4. IS 
0.B8 
8.2S 
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Supposing the alumina in this specimen to be present in the same 
ratio to the iron, titanium, and phosphorus as in specimen 244, the 
alumina here would be 18.13 percent. The partial analysis would 
indicate a sodic labradorite, according in so far approximately with 
the microscopic examination; but there is again a large excess of 
silica which one would expect to find sex>arated out as quartz. Thus, 
supposing all the soda and potash to form polysilicates, there remains 
a mass in which there are about 3 molecules of SiOj to 2 molecules of 
oxides; in other words, the residue would have the mean composition 
of a polysilicate. The visible minerals, on the other hand, are ortho-, 
meta-, and sub-silicates. The only mode of reconciling the analysis 
with the microscopic work seems to be to assume that films or sub- 
microscopic grains of quartz are present, or perhaps more probably 
scales of tridymite, so distributed in the mass as to escape detection. 
Trid3nnite is a fairly frequent ingredient of andesites, and occurs in 
some at least of the Alaskan lavas. When this mineral is present in 
small patches it is not easily detected on account of its low polariza- 
tion colors and lack of definite form. It might therefore be present 
as disseminated scales in considerable quantities without betraying 
itself. 

The similarity in chemical composition between the Karluk diorite 
and the St. Augustine lava is so great as to render it probable that slow 
cooling would have produced from the lava substantially the same 
minerals as the Earluk rock shows. The structure is another matter. 
In the lava, slow cooling would not have robbed the mass of its por- 
phyritic structure, though a granular groundmass might have resulted. 
I can not believe that the hypidiomorphic structure of the diorite 
could result from the consolidation of any truly fluid mass, though it 
might perhaps be produced by the slow cooling of a mixture of solids 
with fluids, such as mortar. 

An andesite (No. 268) from Delarof Harbor, near which the Apollo 
mine is situated, forms in some respects a transition between the lava 
of St. Augustine and the more usual type of pyroxene-andesites. It is a 
greenish-black, somewhat vesicular porphyry, in which the microscope 
shows phenocrysts of augite, a rhombic pyroxene, which in this case 
seems to be enstatite rather than bronzite, and labradorite. The 
groundmass consists of ''felted" feldspar microlites, a little augite, 
a little magnetite, and a considerable amount of glass. The feld- 
spathic microlites are mainly alkaline labradorite, while the pheno- 
crystic crystals are more calcareous, approaching Abg An4 ; but some 
of the microlites have angles of extinction appropriate to oligoclase. 
The slide shows decomposition products, esi)ecially chlorite, but not 
in important quantities. 
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The following is an analysis by Dr. Hillebrand of specimen 268; 

Analysia of andeHtefrom Delarof Harbor, No. £68. 

[By Dr. W. F. Hillebrand.] 



SiO, 

TiO, 

A1,0, 

FeA 

PeO 

NiO... 

MnO 

CaO 

SrO. 

BaO 

MgO 

K,0 

Na^O 

Li,0 

H,0, below 110^ C- 
H,0,ahove 110^ C. 

PA 

FeS, 

Total 



Per cent. 



56.68 

.67 

16.85 

3.62 

3.44 

trace 

.28 

7.53 

trace 

.09 

4.28 

2.24 

8.08 

trace 

.80 

.51 

.16 

.06 



100.14 



When computed in terms of molecules it appears that the feldspars 
should approach andesine. After deducting the feldspar there remain 
about 4 molecules of silica to 3 of oxides, indicating that there is 
either free silica or that the glass is very acid. If about a tenth of 
the silica were free, the rock after subtraction of the albite and free 
silica would approach a metasilicate in composition. Thus, although 
the rock has only the rather moderate silica contents of 56.63 per 
cent, it is still needful to assume the existence of free silica or a 
highly siliceous glass. 

The only well-developed dacite met with in Alaska occurs at Delarof 
Harbor, Unga Island, near the Apollo Consolidated mine. As 
appears from the notes above, dacites are to be expected in the vol- 
canic belt, and some at least of the andesites have a dacitic chemical 
composition. The rock at Delarof Harbor is much altered and highly 
"propylitic" in appearance. Only one specimen (collected long ago 
by Mr. Dall and numbered 28064) is fresh enough to show the ferro- 
magnesian silicates, which are deep-brown hornblende accompanied 
by a little biotite. In other slides there are patches of decomposition 
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products which suggest origiiial pyroxene. The quartz grains are 
often large and seem to be corroded dOiexahedra. They are full of 
inclusions of glass and gas. The f^dapar phenoeiysls are usually 
indeterminable from decompositioa. but andeniie and oligochMe were 
identified among the larger ennstals and c^igoclase among the 
microlites. Some unstriated feldspars oeeur in the dacite slides. Of 
these some at least have a higher index of refraction than balsam and 
are probably oligoclase^ but it is possible that some of the unstriated 
f^rains may be orthoclases. the optical tests for potassium feldspar 
b#*ing rather negative than positive and unsatisfactory in their charac- 
ter. The groundmass is in part feldspathic and in part spherulitic 
Th(5 very l)eHUtiful spherulites in Mr. Dallas specimen are partially 
devilrifieil, and are stained with a brown pigment, probably Umonite. 
Th(* docoin|>osition prinlucts are chlorite and epidote, so characteristic 
of **propylitesf* and oalcite, too. is abundant. 

In comparing this dacite with the andesites ii will be observed that 
the feldspars in the quartxose rock are much more alkaline than in 
the oilier lavas. IVoubtlessii there is a connection between the appear- 
ani*e of the quartz pheuocrysts and the preponderance of sodium over 
itnU'liiux, 

A partial anal>-8is by Dr. Hillebrand of a dacite specimen (271) gave: 

Aiffki/ uiMi(y»w ofdkteitu^ 3kx. iTX. 
:Kt Pr W F HUkriinwi: 



8iO, «.« 

t>lO «.« 

K,0 2.» 

N»sO «.« 



An i^omparod, in terms of moKHnile^ with the andesite from Unga, 
No, *Ji'iH^ thiN (lacito oontains abimt the same amount of potassium, 
$hnn^ M4Nliinn nnd silioa, «uid U^ss calcium. It would seem to point to a 
$hort^ h1)iIM<* HH'k hut not to an admixture of orthoclase. 

TImi lioriil)l(Mulo-antlesites are^ 8^> far as is known, much less com- 
ttion in AliiMka than the pyr\>xenio variety. Specimens are at hand 
ou\y from Hogoslof and Gn^wingk and from Kiska, one of the Rat 
(•thirM U. TIh^mo riH»ks art* ft^r the nu^st |virl yellowish-gray porphyries 
w)lU H roiij^h fnuMuns outwanlly resemblinjr trachytes. They belong 
HinoiiK fJm trac^hytlo andesites of von GilmlieU the same group for 
y^hl/^h I |>ropoHe<l tho name asiHM'ites. The ferromagnesian silicates 
^MM?lih^My doep-hrown, hlaok-lH>nlenHl hornblendes accompanied by 
H */t*t'y KiilMinUnato amonnt of angite, while orthorhombic pyroxenes 
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■were detected only in the specimen from Kiska. The feldapar pheno- 
crysts are chiefly calcareous labradorite, Ab, An,, but in some cases 
they are anorthite. Thus, in specimen 310, a Carlsbad -albite twin 
phenoeryst gave alhite extinctions of 18" and 33° and the Carlsbad 
lamella extinguished at 43°. This corresponds to anorthite cut at 10° 
to the zone of symnielry. In specimen 295 there are also nnqnestion- 
able anorthites, showing Carlsbad and albite twinning and gi\ing 
characteristic extinction angles. The raierolitesare also surprisingly 
calcareous; in one slide (292) 10 square microliles gave an average 
extinction of 38°, showing that they were calcareous labradorite. A 
few square microlites in thti same slide gave angles characteristic of 
Bodic labradorite, Some of the lath-shaped microlites show Carlsbad 
twinning, and all such that were examined proved to be Abg An,. 
The rock contains no visible free quartz. Prof. G. P. Merrill, how- 
ever, mentions tridymite as one of the components of the rock. The 
groundmaes consists of feldspar microlites, a few angite grains, mag- 
netite, and glass, possibly with more or less admixed tridymite. 

Other slides of the Bogoslof lava are very similar to 2it2, which was 
selected as a tj-pe. The proportion of augite to hornblende, and of 
the ferromagnesian silicates to feldspars, varies considerably. In 
some slides apatite and zircon are rather abundant. Most of the feld- 
Bpars show pronounced zoual structure, and this is the case even with 
the microlites. 

Professor Merrill has deHcril>ed two specimens from Bogoslof, and 
they were analyzed by Mr. T. M. Chatard. One of them is a gray rock 
representing the main mass of the islands, and its analysis is given 
under I, below {p, 58). In mineralogical «)mpo8ition and external 
appearance it corresponds to the description given above, excepting 
that according to Mi-. Merrill ' it contains tridymite. The average feld- 
spar may be interpreted from Mr. Chatai-d's figures as Ab, An,, yet 
basic labradorite is certainly present. The residue, after subtracting 
the feldspars, contains about 3 molecnles of SiO, per molecule of basic 
oxide. Hence it would seem that about an eleventh part of the silica 
must exist in the free state. Mr. Merrill also examined a dark 
variety of the lava, which contains more hornblende. The analysis 
is given under II (p. 58), This analysis di>es not indicate any free 
ailica. 

■Proa U. 8. Nst-MuH., roL8,UB5,p.aL 
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{BrHr.T.H-Clutud.] 



SiO, 

TiO, 

A1,0, 

Pe,0, 

FeO .... .. 

MnO 

C*0 

MgO 

P,0, 

Na.O 

K,0 

Totaa 



S.06 


90.81 


S.89 


4.64 


.03 


8.56 


.28 


.83 


7.70 


0.55 


2.ia 


8.16 



The followuig is a list of the andesite localities in Alftalfft known to 
me by specimens: 

Lift of Jnumra andMUe foealjf ies in Abutoa, 



1 Loality. j LoDsltodo. 1 






Angite-bTonnteandwite. 


Belkofski 1 162 55 

UngaMand .; 160 80 

Pttpof Island 160 20 

UnaUAa .' 163 00 

St. AngoatiDe Island 153 80 

Amelig Harbor 154 80 

UngalsUnd 160 80 

Bogoelof Island , ..] 168 00 

gwha Island 177 80 







Only two basalts were met with in this reconnaissance. One of 
these is a dike in the Treadwelt- Alaska mine; the other occurs oo 
Krnzof Island near Mount Edgecumb. Edgecumb forms a fairly 
well-developed cone. Of what material the cone itself is composed, I 
can not say. It is so guarded by a broad strip of forest of almost 
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impassable density that no attempt was made to reach the cone. The 
southeastern shore of Kruzof Island is a beautiful exhibit of basaltic 
flows, so recent as to show sux>erficial flow structure, scoriacepus 
masses, and pumice. It is evident that the rock has been of a high 
degree of fluidity, and hand specimens show abundant olivihe pheno- 
crysts. 

Under the microscope the rock is seen to be a normal basalt both 
as to composition and structure. The feldspars are anorthite and 
labradorite, the microlitic crystals being more alkaline than the 
phenocrysts. The olivine is very fresh, and several of the specimens 
show a large amount of glass. 

The dike in the Treadwell is less ordinary and more important, 
since it is seemingly associated with the genesis of the ore body. 
Though much decompose^) this rock can be fairly well studied under 
the microscope. It consists of augite, some olivine, a little feldspar, 
mostly zeolitized, and sensibly isotropic minerals. 

A partial analysis of specimen 87 by Mr. George Steiger showed — 

Per cent. 

K,0 2.12 . 

Na,0 ., 2.89 

Water above lioo C 2.41 

From these figures it would appear that analcite and leucite are 
both present, the analcite perhaps resulting from the decomposition 
of the leucite, perhaps being an original constituent, as in the analcite- 
basalt first described by Mr. Lindgren. Under the microscope some 
arrangements of inclusions may be seen which remind one of the sym- 
metrical disposition of such bodies so often seen in leucite, but the 
minerals do not occur in the slides in such a way as to make it prac- 
ticable to discriminate the hydrous silicate from the anhydrous one. 
Mr. Lindgren informs me that the general appearance of the slides is 
extremely similar to that of his analcite-basalt. 

SOME KOTES ON GliACIATION. 

Prior to 1895 glacial action on Eadiak and the adjacent smaller 
islands had not been observed. The topography of Woody Island 
and the islets which lie between it and the port of St. Paul, however, 
is strikingly glacial. In particular, the surface shows hummocks and 
tarns such as unglaciated areas do not exhibit. The rock beneath 
the grass roots is undecomposed and sometimes nearly smooth, but 
neither here nor along Narrow Straits was I able to find actual 
scratches on the rock. Mr. Dall, however, found on Woody Island, 
in the Mission garden and elsewhere, erratics showing groovings. At 
the entrance of the southeast arm of the Uyak Bay, about a mile to 
the westward of the Wamburg and Boyer prospect, there is topography 
similar to that about Woody Island, but in addition there are scratches 
and grooves which have been perfectly protected where covered by 
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moss. The principal set of scratches strikes N. 83^ W. (true), and a 
subordinate one N. 68° W. The steeper surfaces of the roehes mou- 
tonn^es are turned toward the head of the arm. 

In considering the glaciers at various x>oint8 it occurred to me that 
disintegration must be extremely rapid along the edge of the ice; for 
the temperature of the ice being zero centigrade, the number of days 
in the year must be great ux>on which the adjoining rock is chilled 
below the freezing point at night and raised above the melting point 
during the day, and such alternations form a most efficacious means 
of breaking up solid rock. In such a position, too, the local precipita- 
tion of dew must often be sufficient to wet the wall rocks daily. 

I had an opportunity of examining such effects on the westerly 
wall of the Grewingk glacier in Kachemak Bay. The rock here is a 
gabbro. Within a few yards of the glacier it is full of gaping cracks, 
dividing the mass into fragments of an average volume of a cubic inch 
or less, and these are so loose that although nearly in place they can 
be pulled down with the hand by the bushel. Fifty or a hundred 
feet away from the ice, on the contrary, the rock was smooth, hard, 
and so tough that it was difficult to get specimens. It appears to me 
that all along the e<lge of a glacier, and along its n^v^ field as well, 
frosts must be more frequent than, ceteris paribus, at a distiince from 
them, and that disintegration must be correspondingly rapid. The 
U -shape assumed by glacial gorges and the cirques at the n^ve. basins 
may be in part explicable in this way.' 

A somewhat similar action seems to be piodneed in many parts of 
Alaska by the ocean spray or the lapping of wavelets. Along many of 
the shores above high water a groove may be seen in the cliffs which 
is perhaps a couple of feet deep and in which the rock is cracked and 
disintegrate, but not in the least waterwom. It seems probable that 
frequent wetting in frosty weather has caused the disintegration. 

The ability of a glacier to excavate beneath the level of its coarse 
depends on the fact that it is a solid and not a fluid. For this reason 
it can move up hill for a certain distance, depending upon its 
"solidity'' or on the elastic limit of the material. The Grewingk 
glacier at one point is mounting a moraine, and PL XIII shows the ioe 
ailvancing on a rising grade. 

PL XIV shows the foot of one of four superb glaciers at Cape Dong- 
las. These, like most Ala^sican glaciers, are remarkably free from 
moraines, and in the clear, dust-free air display their structure in a 
mi>st diagrammatic fashion. 

KHMARKS OX DISTRIBIT'IOX OF GOLD IX SOITTHERX 

AI^\SKA. 

The data which are available concerning the gold are too meager to 
permit of any very imiH^rtant generalizations. There is a distinct 
zonal development of the deix>sits in the Alexander Archipelago, 



* 1 am t«.>M tbai Hr. Willani D. Jv^ttM>ii, in an unpnlUu^bed l<^rtar»« ijrar« expTy.wrion to i 
rbat similar tWw», bat I am ftol ac^oaint^d with his pr«ocw opinion on th» sntged. 
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inclndiog Sumdum, Juneau, and Bornera Bay, and the general direc- 
tion of this belt is that of the sthistosity of this part of the country. 
Pis. I and XV show the general geographical relation of these lopat- 
ities. The great mine of this belt is the famous Alaska -Tread well. 
The or«s are normal gold ores, except that ealcite ia unusually abun- 
dant, and there is a sufficient reason for connecting their genesis 
with eruptive phenomena. The deposits of this belt are so similsir in 
position and character to those of British Columbia and California 
that, in the absence of direct evidence, they may be regarded as con- 
temporaneous with them and probably of early Cretaceous age. 

Further westward occur the deposits near Sitka on Baranof Island, 
and very possibly the soui-ce of the gold of Lituya Bay, in west longi- 
tude 137" 30', may be a prolongation of this group. The mineralizing 
action on Baranof Island does not appear to have been very vigorous. 
It seems to be quite as old as the more easterly belt. 

At the head of Cooks Inlet, some 14° west of Sitka, are the placers nf 
Tumagain Arm and the Kaknu River, indicating the presence of gold 
veins which may or may not lie strong enough to lie worked singly. 

The veins on Uyak Bay, Kadiak Island, are few, so far as yet known, 
and not important. 

Next to the Douglas Island deposits the Apollo Consolidated, on 
Unga Island, in west longitude 160° 30', is the most imimrtant mine 
in the Territory. It is an extremely interesting occurrence in ande- 
alte of Tertiary age, and represents a relatively very modern repeti- 
tion of the conditions of gold genesis in the northwest. Though there 
is as yet but one working mine here, it would be strange indeed if no 
other valuable deposits exist in the same region. 

A memoir on the gold deposits of the Tukon region has been pre- 
pared by Mr. J. E. Spurr, who made his examinations in 18%, and 
will appear in the same volume with this report. While together 
these reports will represent most of what is yet known of the gold 
resources of the Territory, the reader may be reminded that the area 
of Ala.ska is greater than that of all the States north of Tennessee 
and east of the Missis.'^ippi River, more than half a million square 
miles, and most of it is peculiarly inaccessible. It will be long before 
any fairly complete view of the resourees of this vast region can be 
presented. 

GAXGUE MINERALS, 

The list of gangue minerals known to occur in the Alaska mines is 
not a long one. Quartz and pyrite are found everywhere with gold 
in place. There is possibly an e-xception in the case of the Taku 
mine, where pyrrhotile in uncommonly abundant and where I observed 
no pyrite, but very likely a methodical search for this mineral would 
reveal it at this locality. Worthy of note is the native copper at the 
Apollo Consolidated. This metal occurs also in the Smuggler vein, 
Telluride, Colorado,' and was reported long ago (1847) in the property 
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of the Orange Grove Mining Company, Virginia.^ Prof. Henry Howe 
also mentioned the occurrence of native copper in the gold mines of 
Nova Scotia, at Oldham and elsewhere.' YHule the list of gangue 
minerals is not a long one, it includes most of the minerals usual in 
gold mines. Tellurium and the tellurides are fortunately absent, so 
far as is yet known. 

The following is a list of the minerals, other than quartz and pyrite, 
thus far detected in the Alaska gold deposits: 

List of minerals, other than quartz and pyrtte, detected in the AUuika gold deposits 

during this expedition. 




BlOTITE . 

Calctte 



Chlortte 



Copper, native. 
Copper PYRITE _ 



Galena 



Alaska-Treadwell 

Apollo 

Bear 1. 

Comet 

Bennet 

Liberty 

Lncky Chance 

Mexican 

Thetis 

Treadwell 

Willonghby mines 

Apollo 

Glacier 

War Horse 

Apollo 

- .do 

Bear 

Comet 

Eureka 

Glacier 

Gould & Curry 

Hague 

Silver Bay 

Silver Queen 

Treadwell 

Apollo 

All mines of mainland belt 

except Funters Bay and 

Taku. 

Calaveras 

Thetis mine 



Douglas Island. 
Ungs Island. 
Bemers Bay. 

Do. 
Silver Bow Basin. 
Silver Bay. 

Do. 
Douglas Island. 
Baranof Island. 
Douglas Island. 
Funters Bay.. 
IJnga. 

Sheep Creek. 
Admiralty Island. 
Unga. 

Do. 
Bemers Bay. 

Do. 
Silver Bay. 
Sheep Creek. 

Do. 
Dnalaska. 
Silver Bay, 
Sheep Creek. 
Douglas Island.. 
Unga. 



Uyak Bay. 
Baranof Island . 



>Oold fields of the Southern Appalachians, lir of gtrngiie minerals: Sixteenth Ann. Rept. 
U. S. Oeol. Survey, Part III, IbST), p. 275. 
« Mineralogy of Nova Scotia, 1868, pp. 39-^1. 
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List of tninercUSf other than quartz and pyrite, detected in the Alaska gold deposits 

during this ea?pedtYion— Oantinned. 




MiSPICKEL 



Orthoclase 
Pyrbhotite 



SiDERITE. 



Sericite. 



Silver 

Pyraroyritb 

ZiNCBLENDB.. 



Bear 

Bennet 

All the mines of Uyak Bay. 

Duncau's prospect 

Glacier 

Haley & Rogers 

Liberty 

Lucky Chance 

Silver Queen 

Stewart 

Apollo mine 

Bald Eagle 

Bennet 

Gould & Curry 

Silver Queen 

Taku 

Tellurium 

Thetis 

Treadwell 

Lane & Hay ward 

Lucky Chance 

Apollo 

Glacier 

Lucky Chance 

Mexican 

Taku 

Treadwell 

Willoughby 

Occurs in alloy wherever 
gold does. 

Silver Queen 

Glacier 

Apollo 

Bald Eagle.. 

Glacier 

Gould & Curry . . 

Lano & Hay ward 

Silver Queen 

Taku 

War Horse 



Bemers Bay. 
Silver Bow Basin. 
Eadiak Island. 
Douglas Island. 
Sheep Creek. 
Silver Bay. 

Do. 

Do. 
Sheep Creek. 
Silver Bay. 
Unga. 
Sumdum. 
Silver Bow Basin. 
Sheep Creek. 

Do. 
Silver Bow Basin. 
Admiralty Island. 
Baranof Island. 
Douglas Island. 
Silver Bow Basin. 
Silver Bay. 
Unga. 

Sheep Creek. 
Silver Bay. 
Douglas Island. 
Silver Bow Basin. 
Douglas Island. 
Admiralty Island. 



Sheep Creek. 

Do. 
Unga. 
Sumdum. 
Sheep Creek. 

Do. 
Silver Bow Basin. 

Do. 

Do. 
Admiralty Island. 
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THE ^VXASKA-TBEADWEIX MINE. 

The Alaska-Tread well and the Alaska-Mexican mines lie on the 
same lead and are worked under the same superintendence. They 
are separated by the Alaska claim, 700 feet in length, upon which 
little work has been done. The Alaska-Treadwell is justly famous 
both for its large yield and for its economical working. Thus, for the 
year ending May, 1804, the profit was nearly 60 per cent of the total 
yield; yet the ore ran only 13.20 per ton; but the total expense of 
treatment was only $1.35. Such results could not be attained were 
the mine not situated as it is. The deposit runs nearly parallel to the 
shore of Gastineau Channel, at a distance of a few hundred feet from 
it, leaving just convenient space for offices and storage. Thus, coal, 
machinery', and other supplies can be procured with ease. Water 
power is also available for a portion of the year, but it must be sup- 
plemented by steam power, involving the consumption of two or three 
thousand tons of coal annually, at some 19 per ton. On the other 
hand, the climate is severe (450 inches of snow fell in the winter of 
1803-94) and wages are high. The pay of some of the men is as fol- 
lows: Blacksmiths, 15; amalgamators, $4; roasters, 13.50; miners, 
13.50; Indians, 12. That the expense per ton should, nevertheless, be 
so small is a real triumph of iotolligent organization and labor, largely 
due to Mr. Thomas Mein, who was formerly superintendent. The 
total product of the Alaska-Treadwell, as shown in the statistical 
notes in the earlier part of this paper, amounted to $7,028,649 up to 
the end of 1800. 

A plan and section of the Treadwell as it was developed in 1895 are 
given on Pis. XVII and XVIII, and a view of one of the pits is shown 
on PI. XIX. 

The Ahiska-Treadwell deposit has been described by Dr. Greorge M. 
Dawson, and his spoeiinens wore examined under the microscope by 
Prof. F. I). Adams. ^ The following quotations from Dr. Dawson's 
paper give his opinion of the origin of the deposit: 

The iinpn>Hsi()ii forine<l from such examination of this remarkable deposit as I 
was able to make is, in fact, that it represents the upper portion or '* feather edge" 
of a K^anitic intrusion, probably contemporaneous and connected with the char- 
a<*t<Tisti(! Kranit<»s of the neighboring coast ranges, but which, owing to peculiar 
conditions, has l)eo()me decomposotl and silicified by solfatarlc or hydrothermal 
action, to which the concentration of gold In It and the deposition of pyrites are 
also dut». ♦ ♦ ♦ 

It is conceivable that the hydrothermal action which has affected this part of the 
original granitic niagnia may have bet^n due to the water Included by the mass 
itself whih^ in a state of ** a<iutM)-ign(H)U8" or ** granitic" fusion, the escape of such 
water through the substance of the ui)i)er part of the intrusive mass being rendered 
XKxssible by the relief from i>re8sure conseijuent on the approach of the Intrusion 
to the actual surface. 



» Am. (Ui^lotclHt, AutfUMt, 1889. 
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It may, however, perliaps with greater prob&bllity. be sapposed that the watej* 
included in the adjai^ent aediuientBry deposits became vaporized by the heat of 
theintmsiveiuass, andfonndits'way to theenrfcice, in the form of steam, throngh 
the HDbstance of that mass. It vill be noticed that Mr. Adama flodfl evidence, in 
the microscopical character of the rock, of much crauhing and fracture, bo that in 
any case it must have afforded n convenient channel for the passage of heated 
waters or steam; and this appears to have been one of the more impoi-taiit circnm- 
stances leading to its mineralisation, ■ * • This deposit therefore affords an 
interesting example of the manner in which intrusive maseee may directly give 
rise to ordinary metulliferons veins. 

As I understand him. Dr. Dawson supposes the formation of the ore 
body to liave followed immediately upon the intrusion of the granitic 
mass, without any interval of time, and either jnst before or just after 
its solidification. Professor Adams, on the other hand, seems to con- 
sider the ore as consisting of a mass of fractured rock, filled with 
veinlets in the ordinary manner, and finds in the slides no indication 
of a genetic connection. He concludes his remarks iijion the slides 
as follows: 

It may therefore be stated that the ore of the Treadwell mine is a granite, 
probably belonging to tbe class of the hornblende granites, ninch crnsbed, altered, 
and impregnated with secondary quartz, calcite. and pyrite; that the" kernels "are 
])ortions of the rozk in which alteration is leas complete than in the mass of the 
granite, and that at least a considerable portion of the gold present in tbe ore is 
contained in the pyrite as free gold. 

It has already been shown in the portion of this report dealing with 
the rocks that this roiik is to be regarded as a sodium-syenite or, more 
logically, as an albite-diorile. It will be shown below that the ore 
deposition occnrred much later than the intrusion of this syenite, two 
other intrusive masses having followed it before the deposition of the 
ore was complete. 

The main mass of the country at this locality and the oldest rock is 
a carbonaceous slate of veiy uniform texture. Wliile it is unques- 
tionably sedimentary in origin, it does not display any variations in 
lithulogicat features, such as calcareous or sandy facics, sufficient to 
mark the original lines of bedding, and it was found impracticable to 
discover whether or no the bedding and principal cleavage coincide. 
At Juneau Island, close by, slaty cleavage and bedding do not coin- 
cide. At many points in the mine the slate passes into what I term 
a schist, being affected with more than one pronounced eleavage of less 
regularity than that of true slate. The strike of the slate is N, 50° 
W., true, being nearly the same as that of Gastineau Channel and 
coinciding with one of the two fissure systems which affect nearly the 
whole of tlip Alexander Archipelago. The cleavage dips steeply to 
the southeast. The age of the slate was thought by Dr. Dawson to 
be verj- probably Ti-iassic, from its analogy with rocks on the coast 
of British Columbia, There is no direct evidence as to age yet 
available. 

After the sediments had Ik'l-u reduced to the condition of slate, the 
18 OEOt,, PT 3 6 
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syenite was intruded into them. This intrusion was of a very irreg- 
ular character, although it may be called a dike. In the Alaska- 
Treadwell it swells out to 450 feet in widtti, including, however, large 
** horses." To the northwest and to the southeast it narrows, and is 
sometimes reduced to a system of parallel dikes divided by slate. 
The lithological character of the syenite has already been described 
in sufficient detail. 

After the syenite intrusion came one of gabbro. It forms a dike a 
couple of hundred feet in width and follows the northeast wall of the 
deposit pretty closely, though sometimes separated from it by slate. 
This rock has been turned to "greenstone" by the action of solutions, 
seemingly those attending the ore deposition. The color, due to 
chlorite and epidote, and the granular structure, make its identifi- 
cation easy. At some points it is porphyritic or semiporphyritic, 
and would then, strictly speaking, be known as a diabase, but the gran- 
ular modification seems to be the prevailing one. This gabbro con- 
tains some fragments of the granite. Though decomposed and inter- 
sected by a considerable number of quartz stringers carrying a little 
pyrite, it is no.where converted into profitable ore, and relatively to 
the syenite it is but slightly mineralized. Calcite is more abundant 
in the gabbro than in the syenite. The gabbro appears as a cropping 
on the northerly side of Glory hole, or the northwesterly of the open 
pits. It appears again in the adit level and on the 110-foot level of the 
Treadwell, in the south pit of the same property, at a watercourse 
on the Alaska claim, and in both levels of the Alaska-Mexican. It is 
always on the hanging- wall side of the deposit. 

Latest of the intrusions is the analcite-basalt, of which a petro- 
graphical description has been given. This dike is seen in the south 
pit of the Alaska-Treadwell, which it crosses at a moderate angle, 
striking N. 20° W. and dipping steeply to the northeast. This dike 
is very regular and from 4 to 6 feet in width. It cuts slates, diorite, 
and gabbro, and at one point contains numerous slabs of the diorite. 
The rock evidently chilled rapidly and has a fine-grained selvage. 
For the most part the dike rock is decomposed to a brown-black 
earthy mass, which can be crumbled in the fingers. Portions of it, 
however, are fresher, and the fine-grained selvages are less decom- 
posed than the body of the dike. At some points it contains hard, 
bean-shaped bodies, which look as if they might be spherulites, but 
under the microscope there seems to be no essential difference between 
these bean-shaped masses and the fresher specimens of the solid rock. 
I infer that they have been formed by decomposition erf the basalt, 
starting on shrinkage cracks and acting more rapidly upon the edges 
and corners than upon flat surfaces. I have discussed the effects of 
such decomposition on a former occasion.^ 

The structure of the Treadwell is complex in detail, but shows some 

» Mon. U. 8. Geol. Survey, Vol. XIII, 1888, p. 68. 
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distinct general features. The slates, which are the oldest rocks, 
acquired their slaty structure prior to the iutrusiou of the igneous 
rocks; for the fragments caught up by the intrusions have as well- 
developed slaty structure as the walla of the deposit. The slaty 
cleavage is thus an ancient feature of the general structure of the 
country. Under external pressure the slates have yielded mainly 
along the cleavage planes, opening up into lenticulur spaces, many of 
which are now filled with ore. These lenticular masses are arranged 
in overlapping groups, and form ore bodies similar to some in the gold 
Helds of California and the southern Appalachians, for which I have 
proposed the name stringer lead.' The faulting on those slates has 
been normal, as is shown by the character of the stringers. These 
have an average dip greater than that of the slate, and the steepest 
portions of the stringers are the widest.* 

The gabbro is in some places in contact with the granite, while in 
others it is separated by more or less slate. In the Alaska-Mexican 
a considerable amount of slate intervenes. In places the gabbro has 
been rendered schistose, and near the south pit of the Treadwell the 
sinuosities of the schistose surfaces seem to follow the undulations of 
the contact with the syenite. 

The syenite has yielded to pressure much more completely than the 
other rocks. At first glance it seems to have been reduced to more 
rubble, but on good exposures it can be seen that the initial yield- 
ing has gone on methodically along planes at nearly 90° to one 
another and at nearly 45° to the horizon. They strike with the lode, 
and were probably caused by nearly horizontal forces. Crushing, 
however, was carried beyond the rupturing point, so that the frag- 
ments after separation were ground together and some faults were 
produced in the broken mass. 

Such conditions might naturally infiuence the distribution of ore. 
While crushing of the ma^ opens the way for solutions and leaves 
space for auriferous quartz, the faulting in the crushed rock might 
give rise to layers of finely packed attrition products, which would 
affect the course of the solutions and make against uniformity of dis- 
tribution. Inequalities in richness are known in the mine and are 
said by some of the miners to be related to such surfaces of motion, 
A detailed study of this subject with an assay plan would be interest- 
ing, but I had not time to make it. 

The gangue minerals of the Alaska-Treadwell are not numerous. 
Quartz is the chief gangue, but it is frequently accompanied in the 
interstitial stringers by calcite, sometimes ferriferous. In the impreg- 
nated rock these carbonates are in excess of the quartz. Pj'rite is 
by far the most abundant associated sulphide or metallic gangue. 
Professor Adams found free gold in his slides embedded in pyrite, 

> Gold ftelda of the Sonthom Appalmohlans: Sixl««Qtb Ann. Kept. U. S Geol. Survey. Part 
H, 1B». p. £83. 
■ Ibld..p, ?n. Compare van CotU, ErdftKenttCMn, 1B5R. p. lal. 
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but I was nnsncoessfnl in a similar search. From the aasayer, Mr. 
Booth, I learn that ehaleopyrite is more frequent in the Treadwell 
than in the Mexican, while mispickel is found in the latter mine but 
not in the former. Px-rrhotite, galena, and zincblende are rare, but 
are not confined to any particular portion of the deposit. 

The ore associated with the syenite is separable into two distinct 
varieties. Of these one consists of stringers of quartz carrying some 
calcite and occupying interstitial spaces between more or less decom- 
loosed syenite fragments. In such ore the pyrite is often grouped in 
bunches and at other times is disseminated through the quartz. The 
distribution of the pyrite seems to be without effect upon the tenor 
of this variety of ore, which is usually rich in proportion to the quan- 
tity of pyrite. The other variety of ore consists of fragments of the 
syenite which have been, as it were, soaked in the auriferous liquid. 
They are impregnated chiefly with carbonates and pyrite, only a little 
silica penetrating where there were no open fissures. The pyrite in 
this variety is also either bunched or disseminated, and all the mine 
foremen assert that where this pyrite is scattered the ore is nearly or 
quite worthless. It appeared to me that the disseminated pyrite rep- 
resents ferromagnesian silicates attacked by sulphydric acid or solu- 
ble sulphides, and study of the ore under the microscope lends 
strength to this h>7M)thesis, though without absolutely proving it. 

Wherever the ore is strongly mineralized the ferromagnesian sili- 
cates have totally disappeared from the syenite, and the pyrite is 
scattered in it in about the same manner as the iron-bearing silicates 
in the fresher material. On the other hand, as the bunches of pyrite 
are accompanied by much calcite, they could not have been produced 
from any ordinary- accumulation of ferromagnesian silicates, and I 
think such pyrite must have entered the rock in a state of solution. 
The association of calcite and pyrite in the wall rock of gold veins in 
California has been studied by Mr. Lindgren.* It appears to be veiy 
similar to the association of p>nrite with fibrous silica which I have 
described from the gold mines of the southern Appalachians.^ Seri- 
oito and a secondare' green mica are common in the ore. 

The impregnation of rocks with various substances seems to be 
accompanied by a is^eparation of substances, as if certain compounds 
ill $i>lutiou ix^rmeateii the rock more rapidly or more ci^mpletely than 
others. This would Ix^ e^iuivaleiit to an osmotic separation, and a 
teiuleney to such a sejviratiou seems almost inevitable when solutions 
jire in i\>iitaot with douse rvx*ks, I have Ix^fore called attention to 
this iK't ion,* and the thei>ry tiiuls ei>usiderable support in the recent 
in vest iirat ions of Mr. Liiid:rreu on the alteration of wall rocks. 



•vt> ^\^;uArtx v»»:r:* v>f Ner^^U Citr Ativi Gr»s* V*::i»y: Sewiitv^ctli Ann. B«pt. IT. S. 0«oL 8ar> 
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TKEADWELL MINE. 

The genesis of the Treadwell-Mexican deposit is probably conneet«d 
with the intrusion of the dike of aualcite-basalt. This dike must 
either have aecouipaiiifd t!ie mineral izatiou of the deposit or have 
followed close upon it. The dike is not erushed or impregnated with 
ore to any notable extent, though here and there a few crystals of 
pyrite are visible. Fraginenta of the syenite included in the Imsalt 
show much crushing, but only a slight amount of mineralization. On 
the other hand, along portions of the dike small pyritous quartz seams 
lie between the dike and the surrounding mass, and I Tvaa informed 
that rich ore and free gold are usually abundant near the dike.' The 
preceding intrusion of gabbro has evidently been subjected to intense 
dynamic and chemical action, and must have antedated most or all of 
the auriferous injections. Thus, the crusliing of the countiy loek 
and the deposition of the ore seem to have taken place mainly between 
the two intrusions, but ore deposition had not entirely ceasetl when 
the basalt dike was formed. The basalt was injected after mineral- 
ization began, but Ijefore it had ceased. The phenomena are not 
absolutely incompatible with the hypothesis that after the main ore 
deposition and a period of quiet the basalt was intruded and a fresh, 
relatively unimportant mineralization ensued, but there is no evidence 
of such a recrudescence, and the character of the included syenite 
fragments does not support this more complicated hypothesis. 

So far as I know, this is the first known case of an association of 
analcite-basalt with ore generation. It is worth while to note that in 
a certain way the gabbro is intermediate in chemical character Ijetweea 
the syenite and the basalt. 'I'he sodium is least and the potassium 
greatest in the basalt, wliich probably caiae trom the deepest couche 
with the ore-bearing solutions. 

The date of the mineralization is uncertain. There is no basalt of 
any kind known within a long distance of Douglas Island. On the 
other hand, no an a lei te -basalts are known to be older than the Lara- 
mie, and both in Alaska and California gold deposition has accom- 
panied neovolcanic i*oeks; but all analcite rocks are not relatively 
recent, and the general aspect of the deposits in eastern Alaska indi- 
cates Mesozoic rather than Cenozoic age. It may be tlmt this basalt 
is connected with some eruptions concealed from view by the forests, 
which are of more than tropical density. 

The basalt dike occurs near the center of the ore-bearing ground. 
The most probable hypothesis at the present time seems to l>e that 
the ore chute follows downward nearly in the track of the basalt, 
keeping for the most part to the syenite on account of the superior 
fragility of that rock, and not because of any chemical influence of 
the albite rock on ore deposition. 

■ Bkh nre. mnnlnK Dp to mare than |1UU pur ton, la on'&BlnnaUf fooiid la bumU qnantltlee. 
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TIIE AliASKA-MEXICAX MTSIE. 

This mine is on the same deposit as the Alaska-Treadwell and 
shares most of its characteristics. The syenite is much narrower in 
the Mexican and much of the ore is in ** stringer leads" in the slate. 
The slates show undulating and carunculated surfaces, and are marked 
by incised grooves caused by the relative motion of the slaty sheets at 
the time of dislocation. These grooves pit<5h to the northwest, and 
the result has been to produce pipes pitching downward to the south- 
east, which is the pitch of the ore chutes according to the informa- 
tion obtained at the mine. The richest ore is said to occur on the 
foot wall, or southwestern side. In the proper sense there can not 
be said to be any foot wall, since the deposit in the slate is a series of 
imbricating lenses of quartz, and in the syenite a reticulated vein. 
More generally the deposit occurs on a zone of distributed fracture 
and not on a single fissure. 

The ore of the Mexican has about the same tenor as in the Tread- 
well, and the gangue minerals are nearly the same. The slate at 
some points is impregnated with pyrite, which, however, I understand 
to be of very low grade. The deposit is not so wide, but reaches 100 
feet at some points and is amply large for convenient economical 
working. 

OTHER DEPOSITS OF DOUGIiAS ISIiANI>. 

Some excitement was once created by the Bears Nest property on 
Douglas Island. The ground was not accessible at the time of my 
visit. I was informed that it was opened on the same sodium-syenite 
dike as the Tread well, but that the rock was too poor to pay exjienses. 

On the shore of the island about 2 miles to the northwest of the 
Treadwell a very little work had been done on a quartz vein about ^ 
foet in thickness, from which some fine specimens are said to have 
come. The exposure as I saw it was quite insufficient to justify any 
opinion on my part. The vein candies pyrite and pyrrhotite. Juneau 
iHhmd is a mere rock near the Treadwell wharf. It is of true granite, 
containing masses of stratified slate and some quartz veins said to 
curry a little gold. 

SILVER BOW BASIX. 

Silver ]((>w Hasin lies about 3 miles from Juneau, a little to the 
nortli of <»ast, noar the* head of a stream called Grold Creek. Its x>08i- 
tioii is sliowii on tho map, PI. XVI, the topography of which was 
HiippliocI approximately frcmi local surveys by Mr. C. W. Garside. 
'J'Imm buHiii is tlio sit(5 of coiisidiM-ablo mining activity and is a locality 
of no liMl(» ^coolo^jical intorost. In the hills to the southeast lies 
H yr\iu''u*v which foriiuM'ly oxtondod to the mouth of Gold Creek and 
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boilt up the moraines, a part of which is now occupied by the out- 
skirts of Juneau. This glacier excavated, or at least swept out, a 
considerable depression in the position of Silver Bow Basin. The 
depression was subsequently occupied by a lake separated from the 
lower stretches of the creek by a 3oUd rock divide. 

The excavation of a depression by glacial ice is sometimes referred 
to as if it implied a paradox in mechanics. Were a glacier a slowly 
moving fluid mass, however viscous, like sealing wax or asphalt, it 
could never excavate beneath the level of its course. Ice, however, 
is not a fluid, but a dolid; and it is entirely practicable for a glacier 
to move uphill provided that the back pressure thus pi-odneed does 
not exceed the limit of solidity of the ice. An opportunity was afforded 
during the expedition here described of observing the fact that ice 
may move upward at the Grewingk glacier on Kachemak Bay. Tlie 
action at Silver Bow Basin was no doubt entirely similar. I was 
informed that the solid rock of the divide is about 100 feet above the 
bottom of the lake basin. 

The lake-be<ls of Silver Bow Basin are auriferous, and that to a very 
considerable extent. It is asserted that no less than *250,000 was 
extracted from these beds prior (o 1805 by the hydraulic process, 
drainage being secured by a tunnel 3,500 feet long through the schists. 
The mining operations have made an excellent section of the deposit, 
a general view of which is given in PI. XX. Directly upon the tied 
rock occurs a fine, muddy sand, a foot or more in thickness; next 
comes a few inches of a black vegetable mold containing a great quan- 
tity of leaves which, though blackened, are still tough. Upon this 
mold rests a layer of large bowlders, some of them 2 or 3 yards in 
diameter, more or less rudely mingled with gravel and randdy sand. 
Tliis is illustrated by PI. XXI. The topmost layer is in some por- 
tions a peaty mass, and the entire deposit averages some 50 feet in 
thickness. The gravel is extremely little i-ounded and many of the 
rock fragments are almost sharp coruei'ed. The pebbles are of the 
most diverse character and many of them are gold-bearing quartz. 
It is probable that the bowlders in these beds were deposited at a time 
when the glacier ended in the lake, perhaps after having already once 
retreated to a higher level. The period during which the glacier sup- 
plied the lake with bowlders was probably brief, since otherwise the 
bowlder layer would be heavier. The upper portions of the beds seem 
to have been filled in, in the ordinary way, by wash from the surround- 
ingslopes. It is believed to be only the southwestern side of the lake 
deposit which is auriferous, this side having received the drainage 
from the area containing the gold-bearing veins to be described pres- 
ently. This is almost the only ease known to me in which lake-beds 
have proved auriferous to a remunerative extient, though gold-bearing 
lake-beds are not very uncommon. 

It is a remarkable fact that although ice has filled Gold Creek^ 
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patches have been left near Silver Bow Basin which have never 
been subjected to glaciation; in fact, in the higher portion of the 
Lane and Hayward property there are left considerable areas of de- 
cayed rock, or saprolite, exactly similar to those so abundantly foond 
in the southern Appalachians. This saprolite also is auriferoos, deriv- 
ing its gold from a very great number of quartz veins, many of them 
of the most tenuous description. It is the wash from this saprolltic 
mass which seems to have furnished the gold to the lake-beds. 

The saprolite on the Lane and Hayward property has been worked 
for years as a placer deposit. The best of it is no donbt gone, but 
enough remains amply to illustrate its character. A little lower down 
the hill than the saprolite deposit are a couple of open cnts and a 
short tunnel, also on the Lane and Hayward property, known as the 
Fuller No. 1 mine. 

The countr}' rock is a micaceous schist of sedimentary origin, carry- 
ing garnets. The schists strike X. 60^ W. (true) and dip about 60® 
to the northeast, lliese schists are cut by at least three dikes of a 
fine-grained diorite. The dikes are nearly vertical, strike north, and 
are each about G feet in thickness. They occur near the western limit 
of the ore-bearing ground, but do not seem to cut off the ore entirely 
in this direction. Another and similar parallel dike occurs somewhat 
farther oast in the Aurora claim. There appear to be no large veins 
on this property; the quartz occurs in innumerable stringers and 
lenses, varying in width from 2 feet or more to the thickness of a sheet 
of paper. Many of the veins, especially the smallest of them, are 
intercalated in the schists in perfect conformity to the cleavage, and 
many considorablo lenses occur in the same manner. Still more 
nuinerouH and of greater average width are seams cutting upward 
into th<>' schist and very strikingly displayed on the surface of the 
smooth r<)<*k. The stringers have been opened by normal faulting. 

There seems to be no large IhkIv of quartz on this property which 
wouhl i)ay for underground development; but the rock lies in a posi- 
1 ion very favorable for quarrying, and it is l)elieved by the owners that 
a larger amount of material carrying *4 or i^o a ton can be cheaply 
extnicte<l. The niaxinunn value of the ore obtainable in commercial 
ijiiaiitif icH is said to ho nlnniX JfS per ton. The fineness of the battery 
jihifi* ^ohl HHve<l is about O.SoJ). The gangue minerals are calcite, 
hi<h*rite, pyrit<', mispickel, galena, and zincblende. As nearly as I 
^'oiiM learn, I his proi)erty has i)nKluce(l by milling something like 
Jk-jo/XK) worth of gold. The jn-oduct of the saprolite workings is 
<-Mtin'ly iininioNvn. 

'IIm* Aiirora or PxmiikM mine lies directly north of or down the hill 
from the I.ane an<l Hayward, an<l is opened on a portion of the same 
d< |io»'it. 'I'he peenliar feature of this mine is that it possesses a well- 
i\t\t\i,\)i'i\ rn»ss liNsure v<Mn from 2 to (*» feet in width, striking at 15^ 
v.< t of north and dipinng at about 70^ to the southwest. I was 
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informed that there is no sensible difference between the ores of this 
vein and those of the lenses or stringers, and I see no indication that 
its age or its origin is different. It has an advantage over the 
stringers in the fact that it lends itself to underground mining with 
more facility. The gangue minerals are the same as those of the Lane 
and Hayward, but include also pyrrhotite and muscovite. The ore 
is reported as milling about $13, and the concentrates are shipped to 
Puget Sound to be ^;melted. The vein has been followed for about 200 
feet underground, and is said to have been followed on the surface 
for 200 feet more. 

About a mile and a half down Gold Creek from Silver Bow Basin is 
the Taku mine. The rock at this point is a dioritic schist and has 
been intruded among the slate, horses of which are included in it. 
The schistosity of the dioritic mass is of course due to subsequent 
movements. The ore consists of very irregular quartz stringers inter- 
secting both diorite and slate; they strike about N. 30° E. (true) and 
dip eastward. This ore is remarkable for the unusual quantity of 
pyrrhotite which it contains, this sulphuret often occurring in masses 
several pounds in weight. I had a special test made for nickel in the 
pyrrhotite, thinking this worth while on account of the very usual 
association of nickel with pyrrhotite, but none was detected. No other 
sulphuret was observed at the Taku mine, and the only other gangue 
mineral noticed was muscovite. The gold is said to be very free, as 
is usual in pyrrhotite ore, so that the sulphurets after milling have no 
considerable value. 

SHEEP CREEK BASIN. 

Sheep Creek Basin lies to the southeast of Silver Bow Basin, at a 
distance of about 3 miles, and the two areas are separated by a divide. 
The direction of the mines of the two localities from one another is 
the same as the strike of the schistosity of the country, or as the course 
of Gastineau Channel. They are, in fact, on a continuous belt of 
quartz deposits. Sheep Creek Basin is a picturesque little valley 
lying 750 feet above sea-level, and it seems to represent a glacial 
cirque. Even in June masses of snow heavy enough to interfere 
somewhat with mining remain upon its declivities. A view of the 
Sheep Creek Mountains, taken from the Treadwell Mine, is shown 
on PI. XXII. 

In Sheep Creek Basin there are three mines from which there has 
been a considerable output — the Silver Queen, the Glacier, and the 
Gould and Curry. Besides these, there are several prospects of minor 
importance. 

The Silver Queen mine is that on which there is most development. 
It is situated on the northwest side of and about 600 feet above the 
floor of the basin, which is itself about 750 feet above the level of 
the channel. A wagon road 2 miles in length runs from the beach 
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to the foot of the steep slope on which the mine is situated. A track 
tramway, working by gravity, serves to transport ore from the mine 
to the end of the road. 

The rocks of the basin consist of carbonaceous and micaceous 
schists, whose strike is 50° west of north and dip 70° north. There 
are also i>ossibly dikes of gabbro similar to that accomi)anying the 
Treadwell ore deposit. At the Silver Queen the carbonaceous slate 
forms the country rock of the vein, while the gabbro is i)erliaps 
represented by a decomposed greenstone, which 'occurs on the foot- 
wall side a few feet away from the vein. The vein is 5 feet in widest 
dimension, is intercalated with the laminse of the slate, and corre- 
sponds to the schistosity in strike and dip. It pinches and swells 
in the manner characteristic of such intercalated veins. Vein min- 
erals consist of quartz, pyrrhotite, zincblende, copper pyrite, galena, 
mispickel, a little iron pyrite, and, it is reported, native silver and a 
little ruby silver. The galena is argentiferous. In fact, the product 
of this mine and that of the Glacier above has been mostly in silver, 
and has contributed the major part of the silver hitherto obtained 
from the Territory. Up to the end of 1895 the Silver Queen had pro- 
duced about $100,000 in silver and $20,000 in gold. The mine work- 
ings consisted of about 800 feet of drifting on the vein, represented 
by three tunnels of 200 to 300 feet in length. The ore is milled 
in the basin below, and the concentrates shipped for smelting. 

The Glacier mine, situated 800 feet above and to the northwest of 
the Silver Queen, on the same slope of the basin, has workings on 
three parallel veins, one of which is the same vein as that worked in 
the Silver Queen. The most westerly of these three veins is on a 
contact between two varieties of schist. Its foot wall and the country 
rock of the two veins lying to the east is the carbonaceous slate seen in 
the Silver Queen. The hanging wall is, however, a micaceous schist, 
containing scales of muscovite and of light-green chlorite. The veins 
all correspond in strike and dip with the inclosing schist, but differ 
from the veins of Silver Bow Basin in that they do not have so 
much the character of stringer leads. Faults have been noted in the 
veins, the fault plane being nearly vertical and directly across the 
strike. The throw is in each case about 5 feet, the southeast side 
ha^ing slipped downhill. Detailed, observations on these dislocations 
were not practicable, but it seemed more reasonable to refer them 
to the subsidence of blocks or scales of the rock which had been 
loosened by surface weathering. Such phenomena are probably much 
more common than has been generally noted hitherto, especially in 
regions subjected to the violent action of frost, such as the one under 
consideration. 

The veins of this mine average .3^ feet in width, and are said to 
liave a lenticMilar character, the long axes of the lenses having a pitch 
in tho plane of the strike downward toward the west. Like the 
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Silver Qaeen, this mine carries more silver than gold, but the ratio 
between the two is variable. The average tenor is about 140. Min- 
erals found in the vein here, besides quartz and some muscovite, are 
iron pyrite, argentiferous galena, zincblende, copper pyrite, pyr- 
rhotite, mispickel, argentiferous tetrahedrite, pyrargyrite, and native 
silver. The mine has been worked for six years and has 1,500 feet of 
development. No complete statistics as to its product are available. 
Thirty to forty thousand dollars will probably represent its output. 

The Grould and Curry, in the north end of Sheep Creek Basin, at 
about 2,500 feet above the sea, was a mere prospect in the summer of 
1895. Considerable development has since been done on it. The 
rock, although schistose, appears to be of igneous origin and of dioritic 
type. The strike of the schistose laminae is N. 70** W. ; dip, 80° to the 
north. There were three veins exposed in a small crosscut 30 feet 
long, each vein being about 15 inches in width. Stringers of quartz 
were seen in the schist between the veins. These cut slightly upward 
into the schistosity. They are barren of any value. The vein min- 
erals consist mostly o( quartz, containing zincblende of the black-jack 
variety, accompanied by small amounts of pyrrhotite and iron pyrite. 
The veins are said to show free gold frequently, and specimens con- 
taining it were found on the dump. According to the United States 
Mint report for 1895, the product of this mine for that year was 
$26,000 in gold. 

SUMDUM BAY. 

The only mining in progress on Sumdum Bay in the summer of 1895 
was at the Bald Eagle, in longitude 133° 30'. The mine is at an alti- 
tude of about 1,000 feet above sea-level and 2^ miles from shore. 
The rocks are green slate, black bituminous slate, and dikes of a 
massive rock seemingly granite, but too decomposed for satisfactory 
study. The schists strike and dip very irregularly from N. 45 E. to 
N. 70 \V., and have been greatly disturbed. 

The deposit is a stringer lead, following the schistosity Mrith so 
much regularity in dip that I was unable to observe in the exposures 
momentarily visible whether the stringers cut upward across the 
schistose surfaces or not. The foreman, however, asserted that they 
do so, which would indicate normal faulting. In strike they often 
break across laminsB, and the lead shows a divergent stringer, so that 
the deposit clearly occupies an opening due to fracture. The lead 
lies for the most part along the contact between the two varieties of 
slate. 

The main lens of ore being worked is from 5 feet in width down- 
ward. The ore consists of quartz, galena, zincblende, pyrite, and 
mispickel, and is richest on the foot wall. At the cropping I observed 
copper stains, so that there is probably some chalcopyrite in the lead. 
The ore is said to be very rich, averaging, according to the superin- 
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tendent, Mr. Trowbridge, ^0 to $50 per ton. The data obtained 
indicate that the ore contains about equal quantities, by weight, of 
gold and silver. 

At the time of my visit this property could be regarded only as a 
promising prospect, but the ore was good and the disturbed condition 
of the country rock was a favorable indication for further develop- 
ment. From the Director of the Mint I learn that the product of the 
mine for 1896 was nearly $96,000, so that the favorable impression 
produced is confirmed. 

BURNERS BAY. 

The Comet and Bear mines belong to the Bemers Bay Mining and 
Milling Company, but the landing, called Seward City, is on the west 
side of Sherman Point and not in the bay. The 40-stamp mill is about 
2 miles from the landing and 700 feet above tide-water. 

The Bear mine is about 500 feet above the mill and a third of a mile 
away. The country rock is a diorite, which is described on an earlier 
page. It is irregular in texture and much fissured, but I detected no 
system in the partings. There are three small tunnels cutting several 
quartz veins, all of which strike in a westerly direction, but do not 
seem to be parallel. They also dip at various angles to the northeast. 
The widest of them is known as the Bear vein. It strikes due west 
(true) and dips at 60° or 70** to the north. In width it varies from 
2^ to 11 feet. The vein contains quartz, calcite, sericite, pyrite, chal- 
copyrite, and mispickel. The vein also incloses many fragments of 
wall rock, often sprinkled with pyrite, though embedded in white 
quartz not visibly charged with sulphurets. The quartz is much 
broken and disturbed, no doubt by movements of the ground. The 
direction of movement seems to be indicated by the groovings on the 
walls, which pitch westward at about 30°. While portions of the Bear 
ore look fairly well, much of it is sugarj', dead, and barren-looking. 
Thu mine at the time of my visit had produced no ore. 

'i'he (^)met is said to be 7,000 feet eastward of the mill, and is about 
1 ,(HH) feet above it. It lies at least approximately in the strike of the 
lUtur (hijMmit. The development consisted of three small tunnels and 
#;iM! winze down about 100 feet below the lowest tunnel. The country 
rtn'k in the same as that at the Bear. There are several small veins 
iHtHidoH th() C'omet, and the structure is as irregular as in the other 
inliM^ The strike of the Comet varies from N. 15° E. to N. 75° E., 
hut f he former course seems to be the more characteristic. The dip 
itlrto viirieM from about 70° to 45° to the north. The vein varies in 
tUU'Mni*HH fmni 8 feet downward, and averages about 3 feet. The 
<|iiat't/, which is usually somewhat broken, carries pyrite, chaloopyrite, 
itht\ gah^iiH. In some portions of the mine there is much free gold 
ii/froiiipaiiioil by an unusually small amount of sulphurets, and, judg- 
UiK fr«»in the statistics, some of the other quartz must be richer than 
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VAHIOUS DEPOSITS. 

it looks; tbe depiosit, however, is apparently somewhat "jiockety." 
I was informed that the mine had produced over ii'200,000 in the year 
preceding June, 1895, and that the ore averaged $50 or $60. It is said 
that only 1 per cent of the ore is snlphm-et*, and that these run about 
$160 per ton. If so, 67 per cent of the gold recovered is obtained by 
^trflct anialganiation, a very unusual state of things. The fineness of 
lie bullion is O-SiO to 0.800. The Berners Bay Mining Company, 
wording Ut the Director of the Mint, produced H25,000 in 189(i, 

FUNTBRS BAT. 

I There were two prospects on Funters Bay at the time of my visit, 
■tjoth seemingly on the same aeries of veins. The more easterly was 
known as the Tellurium mine, and the other, about a mile distant, as 
the War Horse. The strike is somewbat different, but there is evi- 
dence of curvature on the exposures along the shore, and the discov- 
erer, Mr, Richard Willoughby, informed me that substantial continu- 
ity is established by intermediate croppings and what may be called 
soundings. 
. The surface of Admiralty Island is deeply covered with decaying 

inber, overlain by a thick layer of moss, and overgrown with bushes 
lud trees. Mr. ^Villoughby states that he is in the habit of prospect- 
ing through this vegetable layer with a steel rod armed with a "car- 
bon." After a little practice it is easy to discriminate the feeling of 
quartz f i-om that of less gritty rocks. Wore than 99 per cent of south- 
eastern Alaska is covered by dense moss and decaying wood, and 
some such method of facilitating prospecting as that described is 
highly desirable. 

The Tellurium Mining and Milling Company is said to possess six 
parallel veins, striking a little east of north (true) and dipping 
Boutliward at 70° or 80°. Of these, four were visible, averaging about 
3 feet in thickness, but sometimes swelling to 10 feet and occasionally 
pinching. The couhtry rock is a schist seemingly of eruptive origin, 
very probably once a diabase, but rendered cleavable by pressure. 
The present position of the schistose laminte is nearly horizontal. On 
alittle dump I found fragments of a diabase which seem to belong to 
a dike not visible in place. This is the only diabase met with during 
the trip, though the closely affiliated gabbro of the Alaska-Treadwell 
might at some points be regarded as diabase. 

Tlie veins fill cross fissures in the schists. They consist of quartz, 
a little calcite, and a fair amount of pyrite and pyrrhotite, accompa- 
nied by an unusual quantity of chlorite. The chlorite is often inter- 
grown with the quartz so as to produce a somewhat I'cgular mottling. 
Free gold is sometimes found in the chlorite. Mr. Willoughby asserts 
that some telluride occurs in the ore in thin silvery streaks, but the 
specimen given me to illustrate this occurrence contains no tellurium. 
Free gold is sometimes seen in quartz carrying inappreciable quanti- 
ties of sulphurcts. 
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SITKA DISTHICT. 

eating lenses, or a stringer lead, in the slates, the qaartz conforming 
as a rule to the carunculated schistose structures, though occasion- 
ally breaking across laminae, and sometimes the state is so broken as 
to form a reticulated deposit. The slate fragments are angular, and 
there is no evidence of substitution. The width of (he lead is vari- 
able, but reaches 7 feet in maxiniuni so far as explored. The ore con- 
sists of quartz, calcite, chlorite, pyrite. chalcopyrite, and mispickel. 
The ore is said to average 12,50, half of it "over the plates." Mill- 
ing tests have yielded as much as *5. 

The Silver Bay property is nearly on the strike of the Liberty, on 
the.other side of Silver Bay, and shows a vein 8 feet in width In pyro- 
clastlc diorite, with the dip .and strike of the Liberty lead. Ore on 
the dump showed pyrite and chalcopyrite. No work was in pi-ogress. 

The Eureka prospect is about 2 miles southeast from the Liberty, 
on the westerly side of the bay, and about 500 feet alwve the water 
level. It is a stringer lead of pyritous quartz Inclosed In slate, but 
lying close to masses of the diorite, which forms both dikes and breo- 
ciated masses. The strike Is the same as that of the preceding depos- 
its. The amount of development is insignificant. 

The Haley and Rodgers lies east of Salmon Creek, about two-thirds 
of a mile from the southerly extremity of Serebrennikof Arm, at an 
elevation of (i75 feet. The country rock Is slate. The vein is several 
feet in width, strikes X. 60° W. , and dips 70° to the northeast, not eon- 
forming to the echiatosity of the sedimentary rocks. The vein as a 
whole is white and unpropltious, bat there is said to have been a rich 
streak on the foot wall. Pyrite is present in the vein, and on the 
dump fragments of mispickel carrying free gold were observed. 

The Stewart is near the last prospect, a little farther from the bay, 
on the same creek, at an elevation of abi t 1,000 feet. The deposit 
is a stringer lead, .s<traetimes developing into a nearly solid vein. A 
little of the ore is brecclated, and much of it is mingled with slabs of 
slate. The lead is 15 feet wide at one point, and may average 8 feet 
in width. It carries pyrite and mispickel. There is a ruined mill at 
the Stewart, but how much bullion it has turned out I was unable to 
ascertain. 

The Lucky Chance is 2i miles from the southerly end of Silver Bay 
as the iirow flies, but 7 miles by the wagon trail. It lies on the crest 
of a ridge, 2,500 feet above wal«r and far above timber, in a very pic- 
turesque position. ITi© main country rock is the pyroclastic diorite, 
carrying, as usual, numerous included fragments of slate. The prop- 
erty is opened by two tunnels, but the entrances to both were deeply 
buried under snow (June 2(3), and it was only with much effort that 
an entrance was effected into one of them, the lower one. 

As there seen, the ore forms irregular stringers, each a few inches 
in width, sometimes massed and sometimes scattered through the 
conntry rock, which here consists of diorite mingled with slabs of 
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slate. If the deposit were a solid vein, it would be perhaps 3 feet in 
thickness. The strike is irregular, but is approximately N. 45° W. 
(true), and the dip 80° NE. A peculiarity of the ore seems to be that 
the sulphurets are massed in contact with the walls or horses, the 
body of the quartz being nearly free from sulphides. At one point 
the stringers were so crowded that a stope could be and was carried 
up to the upper level. The ore contains, besides quartz, calcite, sid- 
erite, chlorite, mica, pyrite, and particularly abundant mispickel. 
Free gold associated with mispickel occurs. A sample taken by a 
disinterested person is said to have assayed 130 per ton. The upper 
tunnel is said to look better than the lower one, and the mine is con- 
sidered the best in the district. While as at present developed it is a 
very unsatisfactory property, it might pay to follow the lead some- 
what farther. A view of the Lucky Chance claim is given on PI. 
XXIV, and a view of Deep Lake, taken from the mine, on PI. XXV. 
The Thetis is about 5 miles north of east from Sitka, and lies in a 
locality known as Billys Basin. The country rock is somewhat schistose 
diorite, and the deposit a reticulated zone striking N. 35° W., with a 
dip of 40° to the northeast. It shows about 2i feet of quartz carrying 
calcite, pyrrhotite, and galena. A mill test is said to have yielded 17 
gold and il silver per ton. 

UYAK BAY, 

Several small prospects exist on Uyak Bay, Kadiak Island. Their 
positions are given approximately on the map, PI. XXVI. The Bear, 
Dan, and Calaveras claims lie close together, the first two on what is 
supposed to be the same vein, and the last on a second, nearly parallel, 
vein. The country rock is a carbonaceous schist or slate, and the 
fissures cut the cleavage. The Bear vein strikes N. 25° W. (true) 
and dips in a southwesterly direction at 40°. In width it varies from 
a few inches to about 6 feet, and averages perhaps 2i feet. The 
quartz is usually solid, but is not entirely free from included schist 
fragments. A number of fine outlying parallel stringers accompany 
the vein. The sulphurets are arsenopyrite and pyrite, the former 
preponderating. Free gold is easily panned from the croppings, and 
some extraction has been effected with an arrastra, but I was not able 
to ascertain yield or tenor. 

The Dan is about 500 yards from the Bear and on its strike, but 
the deposit has not been tra<3ed through the heavj^ timber. The vein 
is about 2 feet in width, and contains the same sulphureta. The 
mispickel here is well crystallized, and the general appearance of the 
quartz is good. No work was in progress and scarcely any has been 
done. The Calaveras lies to the northeast of the Dan, on a similar 
vein of the same strike. It is about 20 inches wide, and shows pyrite, 
mispickel, and galena. 

The Lake claim is about 4 miles north of the Bear and on the east 
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shore of the bay. The vein at this point strikes N. 70° E. (true) and 
dips 80° to the southward, cutting the slate, which is here manifestly 
of sedimentary origin. The vein is only a foot wide, and the only 
sulphuret observed in it was a very little mispickel. This vein lies 
on one of a double series of joints forming a nearly rectangular sys- 
tem. On the shore below the vein is a neat illustration of the mechan- 
ism of jointing. The partings cross both sandstone and shale. In 
the sandstone the joints are from one-fourth to one-half inch wide 
and mied with quartz, but in the shale the same cracks are so nar- 
row as to be scarcely visible, although sometimes carrying quartz. 
Evidently the shale yielded far more prior to rupture than did the 
sandstone. 

The Wamberg and Boyer is 10 miles north of the Bear and near 
the entrance of TJyak Bay. The prospect is on a veinlet 7 inches 
wide, striking about N. 55° E. (true) and dipping to the southeast at 
65°. It lies in sedimentary schist, and conforms nearly in strike, less 
nearly in dip. Kear by excellent glacial modeling and scratches were 
observed. 

TUENAGAIN ARM PLACERS. 

At the time of my visit stream gravels had been worked for a year 
or two on Resurrection Creek and Bear Creek, and prospecting was 
going on at a locality called Sbcmile Creek. These localities are 
shown in fig. 6 (p. 82). They lie on Turnagaiq Arm at the head of 
Cook Inlet, shown on PI. XXVI. Rich gravels were found higher 
up the arm a few weeks after my departure. The only pi-oHtable 
workings in July, 1895, were on Bear Creek, but I was informed that 
a "color" could be obtained in any stream for miles about. On Bear 
Creek, which is a small brook running northwestward, the pay was 
confined to a length of about IJ miles, the lower end of the stretch 
being perhaps 2| miles from the mouth. The deposit consists of a mass 
of moderately coai-se gravel, composed of pebbles of the size of cobble- 
stones, mingled with a few bowlders. They extend in some cases a 
couple of rods from the present bed of Bear Creek, The gravel is 
evidently the result of modern erosion. The bed rock is exposed at 
Riley's claim toward the upper end of the productive stretch, and 
consists of slates striking nearly at right angles to the course of the 
stream and intersected by heavy dikes of pyroclastie diorite. A view 
of Riley's claim is given on PI. XXVII. A description and analysis of 
thisdiorite have been given on a preceding page. Most of the pebbles 
are diorite, and this is said to be the prevailing rock at the head- 
waters of the creek. The rocks, whereseen, contain a limited quantity 
of small quartz veins, and it is probable that the gold is derived from 
such stringers. Of course, prospecting for remunerative veins would 
be justified, but the heavy growth of spruce forest renders the search 
laborious, and hitherto no success in this quest has been attained. 
18 GEOL, PT 3 6 
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The gold is foioid moetij in flattened bnt coarse and slightly worn 
gzazaa. It is ligiit in eolor and said to be worth $14 to $16 per ounce. 
This wwild eatr^sgaad to a fin«i€88 of abont 0.740. 

ft should be aoced that the first discovery of gold in Alaska was 
made in IS^Is hr P. P. Doroshin. He found auriferous sands on the 
Kaknn Rltqt. die grains b^ng coarse toward the source, or a region 
not ]^ frcnn Besnneetioa Creek, and he speaks of the association of 
gold wich ^afies and diorite dikes. The miners on the Bear assert 
chas nhe gravels have been wicked to some extent before, and that 
they lind old piek points deep in the gravel. It seems hardly credible, 
however, chat any woridng in this locality can have antedated the 
discovery of a eoaple of years before my visit. 

Late in Ao^rost^ IS^ fresh finds were made, particularly on Canyon 
Creek and Mills Creek, shown on the map, fig. 6. This map I owe 




Pig. 0.— Sketch map of Tnrziagaixi Arm. 

U» (ho (HUirtesy of Mr. J. A. Becker, of Sitka. It is decidedly more 
mHMimU) (liau that given on PI. XXYI. The miners at the new dig- 
ginirM art) Haid to have made over $100 a day, and many slightly worn 
iiu|rgi«t4« W(irt) obtained. The richness of the new washings stimulated 
Itio plwH^r liiduHiry throughout the region, and pay gravel was found 
on UoNiirnMitton Creek and elsewhere. A rush to this region took 
pUoo In I HUH, as one would supi>ose, and while good diggings were 
fonnH, not onougli auriferous gravel was discovered to supply the 
niMMlM of (ho influx of miners, and great disapi>ointment followed. 
Hnoh a rimuK' was sure to occur. Had there been enough gold for last 
VOHr'« oHiwd, twice as large a one would have sought the fields in 1897. 
A«wM«NN Ut (ho rogion is difficult and dangerous on account of the 
MtiiponHoMN M(I<^N, which are about as great as those of the Bay of 
l^iHMly. For (hlM roawm many parties have gone in by way of Prince 
VVlHhMfi Honnd and Passage Canal. 
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DNGA ISLAND. 



TlIE APOLLO CONSOLIDATED JtOlfB. 

This remarkable and iniijortant deposit lies oii the island of Unga, 
about 2i miles west of Delarof Harbor, Unga is one of the Shumagtn 
Islands, and is shown on I'l. XXVIII. Nearly the whole of the exposed 
rock in this rt-gion is andcsit^ and dacite, but on the north side of the 
entrance to the harbor there are roeks underlying the andesite which 
from the deck of a vessel look sedimentary. At Coal Harbor, or Zach- 
areffskaia Bay, similar andesites overlie the Miocene. It is reported 
that there is a belt of granite farther inland than the mine. This is 
very probable, and it is certain that granite occurs on the Nagai, an 
island of the same group as Unga, and one of ils nearest neighbors. 

I saw nothing to lead me to suppose that there is any considerable 
geological difference between the dacite and andesit'O of Unga. They 
seemed at least associated eruptions, if not merely different facies of 
the same series of eruption. These rocks at some points show well- 
marked columnar structure. As the mine is approached the decom- 
position of the rock increases and there is a large amount of "propy- 
lite," or chloritic andesite, as pronounced in character as that of the 
Gomstock lode. At the mine itself the rock is so decomposed that it 
is nearly impossible to decide whether all of the quartz which it con- 
tains is secondaiy. On the whole, it seems probable that at least a 
portion of the wall rock is dacit*. The walls are highly chloritized and 
charged with pyrite. There is no sensible amount of sericite, nor 
any conversion to carbonates. The pyrite would seem to have been 
formed in part from ferroraagnesian silicates, and perhaps also from 
magnetite. In one case a colony of minute pyrites occupies the posi- 
tion of an augite or hornblende. 

The ores of the Apollo Consolidated consist of free gold, pyrite, 
galena, zincblende, eopi>er pyrite, and native copper. Red oxide of 
copper and malachite are joined as decomposition products. The 
occurrence of native copper is remarkable, though not absolutely 
unknown elsewhere. Its usual form is that of fine fllifonn aggre- 
gates. A large part of the gold occurs in the free state, finely 
disseminated through quartz, and almost wholly unaccompanied by 
sulphurites. The quartz there often has a yellow stain, not at once 
recognizable by those unfamiliar with this unusual mode of occur- 
rence. A large part of the value of the mine is said to depend upon 
kidneys of this free gold ore. A slide from such a specimen shows a 
few particles of galena with the gold. In some cases, also, the specks 
of gold are intimately mingled with tiny shreds of native copper, both 
I)eing embedded in quartz and manifestly contemporaneous. Most of 
the surfaces of the gold grains are rough, and the metal tends to fili- 
form and scaly configurations. Only occasionally is a plane face vis- 
ible under the microscope on a gold grain. It evidently requires 
peculiar conditions to develop good crystals of gold even on a minute 
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f^k^n pftaiw ^ii#» 'in^ 'ii iu m aci oii. Tb^ >?ndinKe^<if mrti aoviaiiiaii: ^ 
foniui inrhin «eriniui*if -fie'ir^. •>iw^ja«adty^~jL:iie!Buifri»xziinrij» 
tlwi '* FlAfir XilL** -vwana^ -fyt vfi^ •!9ii ~^f!> tfoin^e^ td j» ff fc ipssr 

w«^re mlafiv4»iy nasrmw ^mees nfLtwnieii. -^i a^'iif iiia ir aiomr van& 
There in tuir, rfae ^iigfny^ «?videgicfr rf saasniiOflK: 'Bl ife «3aBDarj. 
the f ra^^mentA of imekar^ jb ^iara j> jumTiji *>i» if '^e^^eemeiitf 
^^ollected in a piei« of amiwHaff^ ^vtA a iieaLLy ^fsaxmot hi h i run 
having sdefi an iiieh Jono: "iie >tigrii >if :he i U M Jif^rH - ^amuean h«ai^ 
periiapn 2 inches The *m ^iim i i j ■■iliiiiil 'UK ^am. "Ait jMLJifc e g > of 
the amieair^ In a£L ^rKennfUB. "jie STSBis ben^ jiLiuiw i i . lite 
jIliTigH on a fluaet: ban *:he <!ni!ao9 if *jto a miawim- mndimB 
well d^ned as if ic had oeoL brnkai. imr jvaBBEflter. 

Caleite oeenis aa a gangnp^ Tnntfrat in. ih» %gaiTfi. is&aiic& in. ^ 
tities Teiy saiMfrdmace oo •inarsE. Soeh. 
{Hresence Gf a wtw^j^ beiievi!«i ^ he 'irraifieiaaK. fie 
qnantitiea in the iscrinaers 'if or>!:. ami f» «^ ^he sme aiee aa Ae^^. It 
has a lower index of refsKTatm '^aoL ihe 
like that of orthoeiase. and zirrea a scr«iir7>BainanLfiHrp^ 
hydroflnofiOieie add. 3fr. Lmfitzr^a. ha» 
eline in aariferons Tutas at SOr^r Cmwn, 

The depofit as a who2e b^ needy TisraeaL and sccLkss X. 4S E. i tnie>. 
It occopies a zone of fraecixre rasher uhan. a Asanre. and B^^kt be 
called as a whole a redenlafied T«a. Is » aopipaeed t» he bosnded 
by two fissoreSf often marked by elayL T^oe b» often a pay stieak 
at one or both of these iisEixr»w bat the pay fret^nestly makes from. 
the easxorly fissure into the intiTmeviiate groond. So far aa I eoold 
see, the presence or absence of remimeratiTe ore depends c&ieAr on 
the amount of interstitial sp^^ present. The ineiwled lo^ fraf^« 
ments often show pyrite. bat I eool^i ikjc learn of any more roek which 
was richly impregnated with gold. The ore^bearing groond is some- 
times 40 feet in width, and, on the whoje. forms a chote pitching north- 
ward. If there are other such chmesw as is to be assnmed, they will 
probably be rudely parallel with this one. 

The average yield of the ore is said to be tS« and about foar>fifths 
of this amount is obtained from the plates. The bullion carries 0.767 
^old as collected from the plates. The sulphurite contains $50 or 
$00 per ton, and carries more silver than the plate gold. This is no 
doubt due to the large amount of galena in the ore. The amount of 
tho production is gfven in the eariy portion of this paper under the 
Invading, "Statistics of gold prodoction.'' In 1:^96 the Axmllo pro- 
du(5od over $400,000, gold and nearly $40,000 silver, coining value. 

Of course the Apollo Consolidated is a very recent dejKisit, and 
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there has beea little erosion since its deposition. In its general 
features it resembles the deposits of Bodie, California, and the irreg- 
ularity of the fraeluring in both cases is due to proximity to the sur- 
face as well as to lack of homogeneity in the rock. Such a mine 
reijuires careful management and systematic development. The 
Apollo also deserves careful treatment, A plan and section of the 
mine appear on PI. XXIX. 

There are other deposits in the neighborhood of the Apollo. The 
King mine is al>out half a mile northward, and is believed to be on 
the same lead. It is reported to have produced $3,000. Gold has 
been found at various points east and west of the Apollo, as well as 
northward, and there is said to be a belt of auriferous ground extend- 
ing through the island on the strike of the Apollo. Nearly in this 
direction lies Red Cove, Popof Island, where the andesites are 
intensely decomposed and heavily charged with pyrit«. 

TINAIiASKA. 

On the island of Unalaska some prospecting has been done, and 
one of the tunnels near Pyramid Peak is several hundred feet in 
length. This tunnel follows Assures on which a little quartz is occa- 
sionally seen, accompanie<l by iron and copper pjrite. This is cer- 
tainly not a valuable deposit, but it is reported that there are other 
occurrences of eulphureted quartz on the island, A view of the 
eastern portion of Unalaska, taken from a bill close to Dutch Harbor, 
on the little island of Amaknak, is given on PI. XXX. 

AURIFEROUS BEACH SANDS. 

As is well known, auriferous beach sands have been worked at 
various points along the Pacific Coa.st from lower California north- 
ward. Gold-bearing sands are especially abundant from Lituya Bay 
to Yakutat Bay — that is, between longitude 138° and 140°, Accord- 
ing to Mr. Henrj' Boursin,' auriferous black sand was first discovered 
on the western beach of IChantaak, a small island in Yukutat Bay, in 
1887. It is said that $3,000 was extracted from the sands near Yakutat 
in 1891, In 1890 beach sands were worked a few miles east of Lit- 
Mja. Bay, and in 1891 the yield at this locality is said to have been 
♦lfi,000, obtained by sluicing. According to the reports received by 
the Director of the Mint, Lituya Bay sands produced *39,000 in 1890. 

Sands from the Khantaak Island have been carefully examined by 
Mr. J. Stan ley- Brown,* He found, besides gold, magnetite, garnet, 
hornblende, pyroxene, zircon, quartz, feldspar, calcite, and mica 
associated with fragments of a slaty or schistose character. Iron, 
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platinum, and chromite could not be detected, and only a trace of 
titanium is present. Mr. Stanley-Brown concludes that the sand is 
derived from the destruction of metamorphic rocks. The rocks sur- 
rounding Yakutat Bay seem to be Pliocene or Pleistocene, but as 
they are composed of the debris of older rocks, the sand derived from 
them might bear an older character. There is nothing known to me 
which suggest>s that the gold of this region is of recent origin, and it 
is more probable that it was derived from dei>osits af&liated with those 
of Baranof Island, though the croppings may now be concealed by 
Pleistocene beds. In the expedition here described it was impriictica- 
ble to stop on this sliore compatibly with visiting the more western 
auriferous districts. 

Grold washing was in progress during my visit to the western shore 
of Kadiak Island, at Portage River and Ayakulik River. The beaches 
here lie along a bluff, averaging 50 feet or more in height, which limits 
an extensive grassy plain. This represents a very recent uplift which 
has been general throughout western Alaska, elevating most parts of 
Kadiak, Chirikof, Tugidak, and other islands. The recency of the 
elevation is shown by the fact that the little streams draining the low, 
flat plateaus have made small progress in cutting back into thebluffs. 
A view of the Portage River locality is given on PI. XXXI. At the 
beach washing, the bluffs as well as the beaches carry streaks of black 
sand, and those in the bluffs are said to be auriferous as well as those 
at tide-level. The source of the gold is doubtless in the ranges which 
lie several miles to the east of the bluffs. Pebbles of granite and 
metamorphic rock are found on the shore, and have accompanied 
the gold from its original position. The gold-bearing sands do not 
occur in masses, but in patches, perhaps an inch in thickness and 
extending over a few square yards. When such a patch is found the 
material must be gathered and carried out of reach of the waves, 
which constantly shift the sands from place to place. The Kadiak 
sands consist of magnetite, garnet, quartz, slate, serpentinoid mate- 
rial, and very light, scaly gold. The gold floats easily and does not 
seem to amalgamate well. No doubt much of it is lost, and some new 
process, such as cyaniding, must be adopted before large profits can 
be made from any but exceptionally rich beach sands. 

While on Kadiak and elsewhere the gold is associated with mag- 
netite, I do not regard this as necessarily any evidence of a common 
origin. The two minerals would be found together, because both are 
denser than quartz, whenever both gold and magnetite exist in the 
rock undergoing degradation. As is well known, volcanic rock usu- 
ally contains much magnetite, so that an area consisting of schists 
carrying gold-quartz veins, and basalt carrying no quartz, would yield 
an auriferous magnetite sand. 
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